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LENOIR’S PETROLEUM ENGINE. 


WE illustrate: herewith the details of a petroleum 
engine designed for the propulsion of a small pleasure 
boat 23 feet in length, 54¢ feet in width amidships, 2% 
feet in depth, and drawing, when loaded, about two 
feet of water. 

In the center of the boat, to a wooden frame arranged 
for the purpose, is firmly bolted the cast iron frame, A, 
that carries all the parts of the motor and transinis- 
gion. To the back vertical face are bolted the flanges 
of the two horizontal cylinders, B, which are cast ina 
piece with one jacket in common (Figs. 5 and 6), and 
to the front face, the pillow blocks, a, which receive 
the vertical crank shaft, b, provided with connecting 
rods, b'. Laterally, to the right, in pillow blocks, a’, is 
mounted the shaft upon which are fixed the various 
cams necessary to actuate the valves that admit and 
give exit to the carbureted air, and also the devices 
that serve as distributers of the electric current to the 
lighters. Under the fly wheel, V, at the extremity of 


The boxes, D, that contain the admission valves, 3’ 
(Figs. 8 and 9), are fixed to the back end of the cylinder 
jacket in front of the admission orifice, e’. Each valve 
consists of a simple disk, d’, guided by a rod and held 
on its seat by its own weight. 

The carbureted air enters the boxes, D (Figs. 8 and 
9), through the tubes, e, the cocks of which are maneu- 
vered by small hand wheels, f (Figs. 1, 2, and 3). 
These same boxes, D, through elbowed pipes, receive 
atmospheric air filtered through wire cloth arranged 
in the cap of the pipes, E (Pig. 1), so that such air 
can, through the suction of the pistons, enter the chain- 
ber, c, mixed with carbureted air. 

Directly above, in the axis of the clack valve, d’, 
which when raised admits the gases, is arranged the 
lighter, F. 

At the bottom of the chambers, c, there are circular 
apertures provided with clacks, /, and communicating 
witha conduit, < (Fig. 5), provided with a flange that 
connects it with a pipe, F’, that puts this channel in 
communication with one of the two cylinders, C. The 


nected with the other pole of the pile, closes the in- 
ducting current every time it comes into contact with 
the extremity of J. It is then that the induction coil 
comes into play, and that, through the cam sleeve, J’, 
and the terminals, /', to which the wires are attached, 
the current is at once produced and forms the spark 
that ignites the explosive mixture. 

The regulator consists of an ordinary ball governor, 
K, fixed on the frame, A, and actuated by a small 
pinion ry to its axis and gearing with a wheel, K’, 
fixed to the end of the distributing shaft, which itself 
is actuated by the cogwheel, k’, gearing with a pinion, 
k, at the upper extreiity of the driving shaft, } (Figs. 
1, 2, and 38). 

The collar of the movable sleeve of the governor is 
embraced by the fork of the lever, I’, whose other end 
is connected with a vertical rod, I, of a length regulat- 
able at will, and which, through its lower part, is joint- 
ed to the bar, 7. In anormal operation, the bar, i, is 
horizontal and its tail piece, 7’, is situated in the very 
axis of the rod, 2*, which is the same as that of the 


| Carbure 


PETROLEUM ENGINE APPLIED TO A SMALL BOAT. 


the driving shaft, is situated the reversing gear, which 
is maneuvered from behind, through the lever, L, by a 
Person occupying the seat, L’. To the left, in front 
of the engine, is the rotary carbureter, C, and a little 
beneath, and more to the center of the boat, are placed 
the two cylinders, C’, that receive the products of com- 
bustion that escape from the motor. 

The working of the pistons, p, in the cylinders, B, 
May be divided into four periods: The first comprises 
the suction, ——e cylinders, of air carbureted by gaso- 
line, and of the surrounding air to form the mixture ; 
the second, the compression of the mixture during the 
reverse stroke ; the third, the lighting of the compress- 
ed mixture ; and the fourth, the expulsion of the burn- 
ed gases. 


A new arrangement, and one entirely peculiar to this | 
| are designed to open the eduction valves, s, of the carbu- 
| reted air in the boxes, D, at the entrance, e’ (Fig. 9), of 


system, is that of the compression chambers, c, 
which form a continuation of the cylinders and which 


are isolated from them by an asbestos joint in order | 


f© prevent the heat being conducted. These cham- 
rs, which are called reheaters, and which the pistons 
donot enter, are provided externally with radiators that 
Offer a wide cooling surface in contact with the external 
air. They receive from the ignited mixture a certain 
Beantity of heat, which communicates itself to the 
es and serves for the rapid heating of the following 
SlMpressed mass before its ignition. The result of 
two operations—compression and heating of the 
Gases—is to produce, at the moment of explosion, a 
ery strong pressure in the cylinders. 
The use of high pressures has led to the adoption 
M distribution by valves instead of by slides, and to 
substitution of electric lighters for gas ones. 
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burned gases enter this first cylinder, and then, through 
a pipe, F?, enter the second, and from this are | 
into the atmosphere through a pipe, F*, running to 
the stern of the boat. The clacks, /, are mounted 
upon rods that traverse the bottom of the chambers, c, 
and are provided externally with spiral springs, g, 
which keep them on their seats between every escape- 
ment. They open at the proper moment through 
oscillating levers, g’', jointed to the small connecting 
rods, G, which are actuated by cams, h, on the distri- 
buting shaft (Figs. 10 and 11). This arrangement 
permits of the complete expulsion of the burned gases. 
The guides, G’, are cast in a piece with a second box, 
a beneath, and provided with spiral springs for 
eeping the caus, h, in contact with the extremity of 
the rods, 7, which latter, conjointly with the bars, 7, 


the conduit on which are screwed the cocks of the 
running to the carbureter. 
of the compressed mixture is effected 
through an electric spark produced by the lighter, F 
(Fig. 8). The automatic distributer of electricity, J 
(Fig. 10), is situated on the line of the inducting cur- 
rent, and not, as usual,on the induced current, of an 
induction coil connected with the lighter. In this 
“=< a great saving in the wear of the pile is effected. 
he distributer for automatically opening and clos- 
ing the circuit consists of a flexible strip of metal, J 


| (Fig. 10), connected by a wire with one of the poles of 


a pile, H, under the seat, L (Figs. 1 and 2), near the 
Rahmkorff coil, H’. 
A cam, j, keyed to the distributing shaft, and con- 


‘eduction valve (Fig. 9); but if the speed of the motor 


increases, and the balls of the governor consequently 
spread, the lever, I’, causes the rod, I, to descend, and 
the latter causes the bar, 7, to do the same; then the 
tail piece, although periodically repelled by the cam, 
h', no longer meeting the head of the rod, #, can no 
longer act upon it and open the valve. The result is 
that the gas is not admitted until the engine begins to 
run normally again. 

To keep up a circulation of water in the cylinder jac- 
kets, in order to prevent the sides of the cylinder from 
getting hot, a small horizontal centrifugal pump, M 
(Figs. 2 and 3), is placed under the flooring, and its verti- 
cal axle carries a pulley, m, through which it is actuated 
by the wheel, V, through the intermedium of a belt. 
The water is pumped into the reservoir, M’, through 
the pipe, m’, and is forced into the jackets of the cylin- 
ders the pipe, 2, and is afterward led out of 
the boat through the pipe, n’. 

The carbureter (Figs. 14 and 15) consists of an iron 
plate cylinder, C, fixed in a slightly inclining position 
upon two wooden brackets, and traversed by an axle 

rovided with four arms that support a drum, O, hav- 
ing small buckets, 0, on its circumference. Through 
an aperture closed by a screw plug, o, petroleum is 
introduced into the cylinder, and the drum is then set 
in motion. To this effect, the axle of the latter, after 
passing through a stuffing box, receives a toothed 
wheel, p, which is actuated by the perien, Pp’, and an 
endless chain. This pinion is slowly moved by the 


engine, through a helicoidal wheel that gears with a 
screw fixed to the lower extremity of the distributing 
shaft. 


— 
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similar wheels that are mounted loose on the end of 
the shaft, P, and are held in place solely by pins. 
These two wheels contain a conical aperture into which 
fit two clutches, g and g’, mounted upon the shaft. 

If, with such an arrangement, one or the other of 
these friction clutches be made to engage with the 
wheel corresponding to it, the shaft will be carried 
along in one direction or the other. The clutches are 
moved to the right or left by revolving the hand lever, 
L, mounted on an axle having a thread of an elongated 
pitch, and the nut of which forms part of a crosspiece, 
r (Fig. 2), which is connected by bolts and by a smaller 
crosspiece, 7’, with a rod, ¢, that oecupies the center of 
the shaft, P’, so that a maximum revolution of a 
quarter of a turn communicated to the lever, L, suffices 
to carry along the central rod, ¢, and consequently the 
friction clutches, g and q’. 

If the lever, L, is held vertically in its slot, it stops 
the boat ; if itis turned to the right, it starts her ahead, 
and if it is tarned to the left, it backs her. 

The special application of this motor to a small boat 
has obliged the builders to group certain parts of the 
mechanism—the reversing gear, for example—within a 
very limited space ; but it will be remarked that every- 
thing has been so arranged as to make the operation 
perfect.—Publication Industrielle. 


WATER PIPES.* 
By A. H. HowLanp, C.E. 


In preparing an article on any subject of general in- 
terest, it is usual to devote more or less time to incor- 
porating ancient history in the same. In this busy, go- 
ahead age of ours, it hardly seems necessary to go 
back very far in the history of any subject to ascertain 
that which is best and most suitable for our present 
wants. This age is remarkably one of the present and 
future, rather than one of the past, and I will not there- 
fore take up your time in rehearsing the many kinds 
of water pipes used by the ancients, their methods of 
manufacture or the relative values of the various kinds, 
but will proceed directly to a consideration of those in 
use to-day, and see, as far as lies within wy power, how 
nearly each fills the requirements, wherein it fails, or 
wherein it might improved. At the present time the 
largest amount of pipes in use are made of cast iron. 
presume that there are one hundred times as many 
miles of cast iron pipes in the ground as there are of ail 
other kinds. 

The other kinds that have received any considerable 
attention and use are, in the order of their proportion- 
ate use, a riveted wrought iron shell, lined and coated 
with cement mortar; lap welded or riveted wrought 
iron pipes, coated with asphaltum or protected with 
various forms of metallic coating or oxidation of the 
surfaces; wooden pipes ; earthenware pipes ; and com- 
position pipes. Cast iron pipes have come to be ac- 
cepted as a so-called standard, on account of the plenti- 
fulness of the material of which they are made, its 
ease of manipulation, and comparative cheap cost. 

Iron may be called the backbone of this country ; it 
enters into the composition of nearly everything we 
use, in some part or other. ButI think there is hardly 
any department of the arts or sciences in which less 
advancement, less exact knowledge, has been displayed 
than in the manufacture of cast iron water pipes. The 
manufacturers have gone ahead and turned out im- 
mense products that are reliable only in their bulk, 
and consumers have taken and used them without in- 
quiry or much knowledge as to their nature or adapt- 
sability. 

In designing or constructing a bridge, the engineer 
of the present day first determines the amount and 
nature of the load which the bridge is intended to carry 
or will be called upon to carry; he then designs his 
bridge, first, as to the best form for the place, and, 
second, as to the distribution of the strain and the 
material to resist the same, keeping in eye at all times 
the probable load. After securing his material he de- 
termines what factor of safety it will be safe to use in 
each of the various members of his structure, and then, 
knowing the ultimate strength of the material he is 
using, he readily determines upon the various forms 
and proportions of the structure. 

In cast iron water pipes exactly the opposite of this 
course is pursued. Some engineers of my acquaintance 
are using 6inch water pipes that weigh 42 pounds to 
the lineal foot, and tell me that they know of no reason 
why they should, except that their predecessors in 
office have established that weight and they have ad- 
hered to it. Forty-two pounds per lineal foot of water 
pipe represents an average cost, in the eastern part of 
the country, of 63 cents. If pipe weighing but 30 
pounds to the lineal foot would be sufficient for the 
uses to which it is put, that pipe would cost but 45 
cents per foot, or, in other words, the heavier weight 
of pipe costs nearly 50 per cent. more than pipe that 
would answer all the requirements. This unnecessary 
percentage, if it should be found in all of the works of 
this country, would represent an enormous sum, which 
is, in one sense, worse than wasted, and which engi- 
neers should use their technical and practical kuowledge 
to endeavor to save. In determining what weight of 
east iron water pipe should be used, the same factors 
must be considered that are considered in determining 
the dimensions of a bridge or other structure. What 
is the probable maximum load, what is the form and 
what is the quality of the material available ? 

The first question can only be determined by the 
circumstances connected with each particular place. 
For instance, there are some works in the country 
where the maximum static pressure is 25 or 30 pounds 
to the square inch, in others it is 200 pounds to the 
square inch. Of course, pipe that would be suitable 
for the lower pressure might not answer for the greater. 
While the greater static pressure, however, might not 
be in excess of the strength of pipe of the minimum 
thickness which the present state of the art renders 

ible to make, stilt the extraordinary pressure to 
which the pipe is liable to be subjected is more where 
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treme thinness; and I think I ain within the bounds of 
reason when I state that the minimum thickness of any 
pipe under 24 inches in diameter gives sufficient ma- 
terial so that the pipe when made will withstand 300 or 
more pounds pressure to the square inch. This being 
the case—and there are few, if any, works having 300 
pounds pressure to the square inch—the question natu- 
rally-arises, Why do we not take the minimum for all 
places ? 

This brings us to the consideration of the extraor- 
dinary pressure to which pipes may be subjected. The 
first, and that which is most common, is an external 
pressure, caused oy the unequal bearing of the pipes 
in the trench and the heavy load placed upon its upper 
surface, especially in the streets of a city where there is 
heavy traffic. I have known a pipe in the city of Bos- 
ton to be broken in three or four places by this reason 
alone, and as the pipe was of considerable weight and 
strength, it would not seem that any thickness of pipe 
we would probably use could have withstood the pres- 
sure to which this pipe had been subjected. From ob- 
servation of this and many other cases I have concluded 
that we cannot safely provide in thickness of material 
against any of these cases of external pressure, and 
that we should look for safety in this particular to our 
men who lay the pipes, and be sure that they obtain 
full and sufficient beds for the pipe in all cases. -We 
do not, therefore, need to add to the minimum thick- 
ness anything for this. ‘The external pressure caused 
by direct crushing pressure of the superincumbent 
earth, or other material, is never, except in extraordi- 
nary cases, more than one-fifth the resisting strength of 
the material of which the cylinder is composed, when 
the same is properly supported. We donot need, there- 
fore, to add anything to the minimum thickness for 
this. The next and most important of these extraor- 
dinary pressures is that caused by water hammer; 
and when we begin to talk of water hammer, we enter 
upon a subject of which very little is known. It is 
perfectly easy to calculate the momentum of a column 
of water of a given size flowing with a given velocity, 
and the pressure caused by instantly stopping that 
water, but it is not so easy to calculate, nor do I know 
that it has ever been calculated, what the amount of 
this pressure would be when this water is stopped 
gradually. We all know from experience that it is im- 
possible to st a 12 inch column of water so gradually 
as to produce little or no water hammer on our pipes. 
We all know, probably, of some instance in whicha 
much smaller column of water, say two to four inches, 
has been so suddenly stopped as to burst many lengths 
of pipe, sometimes at great distances from the point 
of stoppage. As it is impracticable to build any sys- 
tem of works of any material having sufficient strength 
to resist the greatest water hammer that we can con- 
ceive might be caused, the question comes up as to how 
much we should provide for, whether we can expect 
all ouremployes and all users to be so intelligent and 
so careful in opening and closing gates, hydrants, 
valves, ete., that there shall be no shock or water ham- 
mer, or whether we have got to provide for a certain 
amount of ignorance and carelessness on their part, 
and if so, how much, and it is a very important ques- 
tion. 

I have seen recording gauges indicate a pressure of 50 
per cent. more than the normal. by the opening and 
closing of a hydrant on the pipe line more than a mile 
away from the gauges; other times I have seen a hy- 
drant, within a few feet of the gauge, in which the 
water hammer caused by the closing of the same was 
hardly perceptible. One case represents careless use, 
and the other intelligent and careful use. 

In the various works with which I am connected I 
have complete sets of recording gauges, and have 
carefully watched and tested them for long periods, 
but I must confess that I have not yet come toany con- 
clusion which I can consider absolutely warranted by 
the facts. 

If we should take works where the static pressure is 
100 pounds, and allow that pressure to be doubled, 
or 200 pounds, I think that we should be allowing suffi- 
cient ; and if anybody connected with the works, or 
using water frum the works, should be so careless or 
ignorant as to cause a water hammer of more than 100 
per cent of the normal pressure, it would then be the 
part of wisdom and economy to put into the works 
such fixtures only as would guard against disaster by a 
repetition of the act. 

Still, there might be cases where, even with the utmost 
care and watchfulness, a water hammer much in ex- 
cess of 100 per cent. of the normal pressure might be 
caused, and the question will have to be settled by 
each, in his own case, whether to so build their works 
that the most ignorant and careless use of them will 
cause no injury, or whether they will inaugurate a sys- 
tem sufficient for all reasonable uses and provide ap- 
paratus, and insist on their use in such wanner as not 
| to injure the works, and thus save annual expenses in 
the shape of interest upon dead plaut by the use of in- 
telligent common sense. 

In relation to the strength of pipes, it is a simple 
matter to calculate the resistance of a perfect cylinder, 
made of a certain -quality of material, against an in- 
ternal pressure; bat until you are willing to paya 
fair price and insist upon good material and good work- 
manship, we must pay for an excess of material suffi- 
cient to insure us against the poor quality of the ma- 
terial and the carelessness of the workman. 

Just what percentage to add to the minimum thick- 
ness of pipe for all these things is a little uncertain. 
| But from a careful examination and study of all the 
| data obtainable from 500 different works in the United 
| States and Canada, I have concluded that for all we 
have to guard against, either in quality of material, 
carelessness in manufacture, carelessness in handling 
or laying, or against water hammer, a factor of safety 
of five is ample, and this only on the larger pipes. 

At the present time it is perfectly feasible to obtain 
pipes made of material having a tensile strength of 
18,000 pounds to the square inch, and with such ma- 
terial the minimum thicknesses of various sizes of pipe, 
together with their weights and ultimate strengt 


are as follows: 


4 | 0°82 | 18°57| 14°67) 176 | 2880 

6 | 0°36 | 21°82| 23°83/ 286 | 2100 

8 | 0-37 | 30°43| 38°00/ 396 | 1665 

10 | 0°40 | 40°88| 44°33 4532 1440 

12 | 0°45 | 55°00| 59°83/ 718 1350 | 270 
14 | 0°47 | 66°76| 72°75 | 875 1210 | 242 
16 | 0°50 | 80°99 88°42| 1061 1125 | 225 
18 | 0-52 94°54 | 102-25 | 1297 1040 208 
20 | 0°55 | 110-95 | 117-92 | 1425 990 | 198 
24 | 0-60 | 114°89 | 156°50/| 1875 900 | 180 
30 | 0°70 | 210-97 | 227-00 | 2724 840 | 168 
86 | O-8O | 289-04 | 310-75 | 3729 800 | 160 
40 0°85 | 340-87 | 369°25 | 4431 765 | 153 
42 | 0°90 | 379-03 | 410°58 | 4927 770 | 154 
48 | 1°00 | 481°02 | 521°08| 6253 750 | 150 


From this it will be seen that a six inch pipe of the 
minimum thickness of 0°35 of an inch, weighing 21°82 
pounds to the foot of cylinder, made of material havy- 
ing a tensile strength of 18,000 pounds to the square 
inch, has a theoretical ultimate strength of 2,100 
pounds to the square inch, and with a factor of safety 
of five it would be safe to use this pipe against a pres- 
sure of 420 pounds to the square inch. This may seem 
a little doubtful to you, but I ask you, in all frankness, 
why you would use heavier; and | do not think there 
is one here but who would say that this pipe, light as 
it is, is sufficient for the uses of all water works, except 
that it is lighter than is usually used. In this connee- 
tion I would say that I know of seven different works 
in the country where the maximum pressure is 200 
pounds to the square inch, and one of these works 
uses six inch pipes with perfect safety weighing but 28 
pounds to the lineal foot, while another, under almost 
exactly similar circumstances, uses pipe weighing 48 
pounds. If the lesser weight is sufficient—and expe- 
rience has proved it so—then the heavier weight isa 
waste, and one that no department can afford, or no 
engineer be warranted in putting in at somebody else’s 
expense. 

think possibly some of you may have in mind that 
the six inch pipe, 0°35 of an inch thick, is too thin to 
tap I think in this again you are wrong, 
as with the present forms of tapping machines and 
the use of corporation cocks having a short plug tap, 
with nut and washer, it is perfectly feasible to makea 
service connection on a six inch pipe even 0°3 of an inch 
in thickness. 

By examination of the tables it will be seen that 
while the minimum thickness increases from 0°32 of an 
inch for four inch pipe to 0°5 of an inch for sixteen 
inch pipe, the ultimate strength decreases from 2,880 
pounds to 1,125 pounds for the sixteen inch pipe, and 
for the twenty four inch pipe the minimum thickness 
has increased to 0 6, and the ultimate strength decreases 
to 900 pounds. 

There are very few works that use twenty-four inch 
pipes under a pressure of one-fifth of 900 pounds, or 
180, and very few, if any, that use pipes, under any 
pressure, as light as this. 

In the reports from thirty-eight different places using 
twenty-four inch pipes under various pressures, I find 
one place using pipe weighing as light as 182 pounds to 
the toot, which would be about 0°7 of an inch in thick- 
ness; while another works, under the same pressure 
and probable circumstances, uses pipes weighing 306 
pounds to the foot, or about 66 per cent. in excess of 
the lighter. I do not know that I have strength of 
conviction enough to advocate the use of twenty-four 
inch pipe only 0°6 of an inch in thickness for any works 
where there is any pressure at all, although my esti- 
mates and figures show that it would be perfectly safe, 
but it is so radically different from custom that | have, 
to a certain extent, given way to custom and prejudice, 
and have adopted as standard weights for all pipes 
used in the works contracted for by myself, as follows : 


3 lee. 23 
i | 3 | | 

4 | 0°40 | 17°27| 18-7 225 | 3600 720 
6 | 042 | 26°46) 28-92 7 | 2515 | 508 
8 | 0-45 | 87-38] 40-°50| 486 | 2025 405 
10 | 0°50 | 51°54; 56°17| 673 | 1800 360 
12 | 0-55 | 67°76| 73°75| 885 | 1650 330 
14 | 0-58 | 83-02} 90°67 | 1088 | 1490 298 
16 | 0-60 7-78 | 106-78 | 1281 1350 270 
18 | 0-64 | 117°11 | 1296°67| 1520 | 1280 256 
20 | | 142°25 | 153°48 | 1841 1260 252 
24 | 0-80 | 194-77 | 210°33 | 2504 1200 | 240 
30 | 0-90 | 278-00 | 285-33 | 3524 | 1080 | 216 
36 | 1-00 | 363-22 | 390°50 | 4686 | 1000 | 200 
40 1-10 | 443-82 | 480°83 | 5770 990 | 198 
42 1-16 | 491-49 | 582°42 | 6389 995 199 
48 | 1°80 | 629-16 | 681-58 | 8179 975 | 195 


I think in this I allow a large excess over and above 
that which is necessary, and shall probably reduce mY 
weights somewhat in the near future. F 

When the pipe manufacturer tells you that a certain 
weight of pipe, much in excess of what you know 
been used successfully, is necessary, you, of course, 
understand that he is advocating the heavy weight e® 
tirely from a selfish standpoint, as it is much more t0 
his advan to sell you pig iron at pipe price om 
otherwise. But when you use cast iron water Un age’ 
ask you to consider it in the same light and wit the 
same method as you do any other material, make your 
specifications so as to insure as near as possible 
perfection of manufacture, and insist on the map 
turers living up to the same. 
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As a protection against corrosion, on both external | iron, I have noticed that wherever a joint was made 
and internal surfaces of the pipes, the usual habit has|and covered with neat cement, the iron has been in 
to treat them in the manner origivated and first | almost as good condition as the the pipe was laid, 
by Dr. Smith, of England, which was to immerse | and this gives rise to the belief that a wrought iron 
jnahot bath of deodorized coal tar and linseed oil. | shell, lined and coated with neat cement, would have 
The Dr. Sunth method has been improved upon by a| greater durability and life than one lined and coated 
many wakers, by adding a smail percentage of | with cement mortar. Whether such a pipe can be per- 
asphaltam and by heating the pipes as well as the! fectly made or not is a serious question, and is the only 
mixture, and when the pipes, thoroughly cleaned, are| question which prevents a much larger and more 
dipped in such a mixture, the result is a smooth, hard, general use of this kind of pipe. The wany manipula- 
y coating, which it is difficult to remove, and which | tions necessary before the pipe is complete in the trench 
js not acted upon by the usual waters confined in the} andgthe fact that both the lining and coating depends 
F or found in the soils in which the pipes are | for its efficiency upon the manipulation of mechanics | 
Pivied. To properly coat pipes in this method requires | allow too many possible mistakes or errors to creep in | 
time and care, and costs money, and I am sorry to say | and so render the pipe imperfect. ‘Ihis pipe is readily | 
that a good many manufacturers do not coat pipes as and cheaply made, and has many adherents at the 
they should be coated or as they claim to coat them. present time. 
A poorly pipe is better than a WROVGHT IRON COATED PIPES. 
_ and it is, therefore, of the utmost importance that | , 
— insist upon the makers living up to your specifica- | In many places in the western part of the country, 


| Wrought iron riveted pipessimply covered with asphal- 
the a eall for the best material, applied | tum have been used for many years, and with the best | 


results, principally in works connected with hydraulic | 
CEMENT LINED PIPEs. | mining and irrigation, but in some few cases they have | 
In certain sections of the country so-called cement | formed the main supply pipes for acity or town. They 
lined pipes have been used to quite a large extent, and, | have given good results as far as strength and dura- 
[| think, next to cast iron pipes, they have the largest | bility are concerned, the only objection to them being 
mileage to their record of any pipes made. They have | their cost and the increased loss of head by friction on 
their friends and their enemies, and a good deal can the lapped and riveted seams. 
be said on both sides of the question for and against | Within the last few years lap welded wrought iron 
them. At the time their use was most general in the pipes have begun to be used, and they have proved so 
Eastern States, their cheapness was their principal at- | far to be worthy of confidence. They are light, easily 
traction, and agood many municipalities broughtthem- bandledand fitted, exceptionally strong, are not injured 
selves to believe that they were worthy of their confi-| by rough usage, settlement of the ground, or water 
dence, because it was for the interest of their pocket hammer; present smooth interiors, and on this account 
books to so believe, but that they have proved ‘a’ and the fact that they usually come in lengths of eight- 
delusion and a snare” is well known. j}een to twenty feet, have a greater carrying capacity, 
Three years ago I sent personal letters to every de- on account of reduced friction, than cast iron pipes of 
rtwent whose address I could obtain throughout the the same diameter. 
Bnited States and Canada that had ever used wrought, Several different methods of joining these pipes have 
jron eement lined pipe, and received, a very large num- | been devised, but that which seems to be the simplest | 
ber of replies. From a careful study of these replies and, best, and to meet all the requirements, is a simple | 


The Wallen process is a process of coating with cop- 
per, similar to electro-plating, but it has the advantage 
over plating. in that by it the copperseems to become a 
part of the surface of the iron aud is not liable to be 
peeled or flaked off by rough usage or blows. This 
process has but just been introduced into this country 
and has not had the test of time, but a large number of 
samples which I have had have so far proved good, 
and I have great hopes that the process can be put upon 
a successful commercial basis, so that large pipes,can 
be treated and it be given a thorough test. 

It is my opinion that wrought iron pipes treated in 
some one of the methods indicated, or in some method 
yet to be discovered, will soon supersede, in most cases, 
all other kinds of pipe. 


WOODEN PIPES. 


Wooden pipes are used to a limited extent in the 
northern central portion of the country, and are, I be- 
lieve, the only pi in which the diameter increases 
with use. They beve many advantages and a con- 
siderable number of disadvantages. Their bulkiness, 
short lengths, the difficulty eneountered in joining 
them together and maintaining a joint under all con- 
ditions, render them a questionable article. When 
made of good, soft pine they are unobjectionable, from 
a sanitary point of view, as water conveyers. In some 
soils they have proved very durable, while in others 
they have lasted but a few years. 

. In order to strengthen this pipe, and make it possi- 
ble to ase a larger diameter of bore in a given size of 
log, they are sometimes wound spirally with wire or 
smal] hoop iron and afterward dipped in hot tar and 
sanded. 

EARTHENWARE PIPES. 


Earthenware pipes, or what is commonly known as 
vitrified pipe, is used in some places for conduit pipes, 
and, in a few eases that have come to my knowledge, for 
distribution pipes. I have known them to be used in 
works where the static head is 49 pounds, and they have 
given good results for years. In these cases the joints 


I find that the average life of the cement pipe, as usu- | cast iron sleeve, locked on two rivets in the ends of the| have been made with a band of wrought iron filled 
ally wade, was eight years, and that no place, with two! pipe, a joint between the two being made with hot lead | with brimstone. The pipes have been tapped with a 
exceptions only, who had had these pipes in use for a | poured and calked in the same method as on cast iron | band, filled with brimstone, and then a hole drilled 
longer period than eight years recommended thei. | pipes. | through the corporation, the brimstone, and the pipe. 


Cement in itself is free from all objection asama-| The only question or objection that can be raised | 
terial through which to convey potable waters, but to | against these pipes is that of durability. The asphal-| 
utilize it in a permanent and economical manner is a/| tum coating used on the Pacific slope is undoubtedly | 
difficult question. | good as long as it remains perfect, but in the handling 

The earlier forms of the cement lined wrought iron | necessitated by transportation and laying, this is apt 
pipes were composed first of thin shells of sheet irou| to become abraded and the naked iron exposed, 
with their edges lapped and riveted, and sometimes| although in some twenty miles of this kind of pipe) 
additionally strengthened by means of longitudinal | that 1 laid three years ago, I have heard of no place | 
strips on both outer and inner sides of the lap. These where the asphaltum has been removed and corrosion | 
shells were supposed to be watertight in themselves, | commenced. 
and to have sufficient strength to resist the maximum) Several chemical processes to protect the iron have 
pressure of water to be confined in them. After rivet- been tried, principally among which may be mentioned 
ing, these shells were lined with a thin coating of the kalemein process, the Bower-Barff process, and the | 
cement mortar, usually composed of one-half sand and | Wallen process. 
one-half American hydraulic cement. After lining and| The first of these has been extensively used in this 
before this cement had hardened, the shells were laid on country, and has given, as far as I can learn, good re- | 
their sides so that the lightcould enter, and any imper- | sults when thoroughly done, but in common with all | 
fections in the lining that could be seen from one end processes that are used by ignorant workmen on a} 
were removed by the use of proper tools and the ends | large scale, it is liable to be imperfect in results, and | 
trimmed and completed ready for the joint. After the|in some forty miles of this pipe which I have laid, 1} 
cement had properly and thoroughly set, these shells} have had it doubly treated with the kalewein wmix- 
were conveyed to the trench, laid in a bed of mortar, | ture and afterward coated with asphaltuim. 
joined to their neighbors by a wrought iron band, and| A line of 12 inch pipe, thus treated and laid in 1883, | 
the whole exterior surface of the pipes covered with a| was recently taken up and lowered to correspond 
coating of mortar. Usually the joint was filled and| with the change of grade of the street. and careful ex- | 
covered with neat cement, rather than cement mortar. | amination showed that the pipe was as bright and clean 
As soon as the cement on the outer side had suffici-| inside as when first laid, and I have not heard of any 
ently set, so as to retain its position and form, the pipes | places being found, where it has been dug up for the 
were covered and the trenches refilled in the usual) purpose of making connections, ete., that were not in 
manner. | condition. 

The objection to this class of pipe is, first, cement! The Bower-Barff process is a combination process by 
mortar, composed*of one-half sand and one-half cement, | which the surface of the iron is oxidized, and thus fur- 
is not an impervious material, and water, under or-| ther corrosion is prevented. 1 donot know of much of 


dinary pressure, is forced, to a greater or less extent, | this pipe having been used, but some samples which I 
through it, and so comes in contact with the shell,| have that were treated in England have not shown a 


which it eats until it has no strength left; when the very high state of preservation, numerous rust spots | 


pipe is destroyed. In examining many miles of this|coming upon them, although only exposed to the at- 
pipe which has been taken out and replaced with cast | mosphere, 


EFFECT OF PROJECTILE ON 


They make a clean, durable conductor, reasonable in 
cost, but have the objectionable feature of reduced 
eapacity on account of friction caused by the frequent 
number of joints and the irregularity of their shape. 


COMPOSITION PIPES. 


Composition pipes made of various substances, but 
principally of asphaltum and canvas, have been used 
to a limited extent, but found entirely inadequate as to 
capacity, durability, and convenience of handling. 


GLASS PIPES. 


Glass pipes, of large diameter, have not been suc- 
cessfully produced, but it bas been predicted by several 
large glass manufacturers that it will not be long be- 
fore some method of casting these pipes successfully 
and cheaply will be devised. 

Made in form similar to our present cast iron pipes, 
with some suitable device for a joint, and of a malle- 
able glass, they would form a water pipe to which there 
could be searcely an objection—strong, tough, smooth, 
and indestructible, and made of material that is found 
almost everywhere; it is not without the range of 
probability that whenever a large quantity of pipe is 
to be used in any one locality, a furnace will be erected 
and the pipes made where they are to be used.—Pro. 
Eng. Club of Phila. 


STEEL FACED ARMOR TRIALS. 


WE have received photographs, of which we give 
copies below, of a result recently obtained with a 
St. Chamond steel projectile and a steei faced plate, 
manufactured on Wilson's method, at Kolpino, in Ris- 
sia. The trial took place in July last. The plate weas- 
ured 12 ft. by 8ft. by 16in The gun was the Obuch- 
off 12 in. breech loader, 35caliberslong. The projectile 
was forged steel, weighing 794 lb. Russian and 71444 |b. 


A STEEL FACED PLATE. 
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English. The charge was 245lb. Russian or 220%¢ Ib. 
English. The range was 350 ft. The shell struck nor- 
malty with a velocity of 1,700 ft. This implies a strik- 
ing energy of 14,320 foot tons and a perforation figure 
of 202in. of unbacked iron. The plate, being of con- 
siderable area, probably weighed 274¢ tous, so that the 
shock per ton of plate is only 522 foot tons. This, how- 
ever, p sol not affect the problem in the usual way, be- 
cause the blow is very near the edge. The object was 
not the testing of the are but rather the projectile. 
It may be seen that the latter broke up and failed to get 


Fig. 4. 


cupenes of increased fracture in the plate. The case 
before us is an example of what we have before stated 
we expected. This is likely to be repeated at Shoe- 
buryness. At present we do not know how such plates 
would be regarded at Portsmouth, but we think that 
the Admiralty will probably accept more cracking as a 
necessity if the new steel shells are to be kept out. 

The shell was cracked all over and broken as shown 
in the illustration above mentioned. The point of it 
just got through the back of the plate. The base 
stands out a considerable distance from the face. The 


sd 


sistance, along with decorative and architectural] forms 
like those of the elements entering structures of dressed 
stone, such as facings, lintels, voussoirs, ete, These 
steel plate parts, after being put in place, are assembled 
in a very simple and strong manner. 

In the accompanying plates, we give figures of most 
of the elements that enter into these structures, along 
with a perspective view of a building which is go ay. 
i it may be used as a machine shop. 


alls.—The walls are double, and the interyal 
between the two surfaces is 6 inches in the externaj 


Fig. 2. 
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EMBOSSED STEEL PLATE BUILDINGS. 


through, but fractured the plate as shown in the pho-| result before us ought to keep up the name of steel 
tograph, — toward the near edge of the plate. | faced plates in Russia.—The Engineer. 
t 


We understand that the makers of the projectile were 
anxious not to fire any more shells until they had made 
some change in the quality. This is only an example 
of what, we think, we must be prepared to expect in 
England. 


The steel projectiles have been greatly im-| Forges, of Aiseau, 


GALVANIZED STEEL PLATE BUILDINGS. 


For the last two years, The Societe Anonyme des 
has been constructing a style of 


proved, and their makers expect to get them through | buildings in embossed, galvanized steel plate in which 
our plates as they did in certain individual cases of | the plate, instead of serving simply as a covering, con- 


Firminy, Holtzer, and Hadfield’s projectiles, and not- | stitutes the essential element of the structure. 


To this 


ably in the samples of a lot of Holtzer’s shells, which | effect, the characteristic resistance of the metal is util- 
constitute the first regularly passed into the service. | ized, and its rigidity is largely increased by giving it 


We do. not expect that this success can be re 
often. -The plates are being now made with 
faces, if not backs also. 


ted | special forms that may, in addition, be decorative. In 
arder | a few words, the system consists in constructing metal 
Consequently, they will stop | buildings almost exclusivel 


formed of plates of slight 


the projectiles much more effectually, though at the| thickness to which em ng gives a maximuin of re- 


At the time 

that the elements are embossed, their edges are bent 

back at, right angles all around. 
A certain number of types of panels have been 


walls and 3 inches in the partition ones. 


vised that are suitable for all structures. Some serve 
for facings, and others to form frames, lintels, yor 
These elements in the construction of & 


To this 


effect, the dimensions of the junction edges are wulti- 
les of a common measure or module, equa / 
nehes, that is to say, to the width of the smallest ¢ 
ment that enters these structures—the window — 
In the center of each flange there is an aperture for 
introdaction of an assembling bolt. The panels are 
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ways put up in horizontal courses, and between each 
of them is interposed a flat iron tie piece, which, by its 
width, regulates the thickness of the wall, and each 
of which contains a row of assembling apertures. 
These tie pieces of the external wails, in addition, con- 
tain apertures for the circulation of air, and are con- 
tinuous for the entire length of the wall. In Fig. 3, 
a, a, a are the panels, } and ¢ the tie pieces, and d the 
yentilating apertures. 
Owing to these arrangements, whatever be the model 
of panel used, and its respective position in the struc- 


Fig, 14. Fig. 12. 


‘sents itself to receive the web of the inte 


T iron. 
These irons entirely cover the vertical joints of the 

els, and are, as far as possible, made continuous 
rom top to bottom, so as to increase the stability of 
the structure. Around the bays, doors, and windows, 
simple and double angle irons are used. The profile of 
these is shown in Fig. 4. The small branch, g, serves 
to cover the joints, and the others, h, fix the door and 
window frames, i. In most cases, the two faces of the 
wall are the same, but they may be made different, 
either for the purpose of obtaining more symmetry or 


four inch wide boards provided with tongues and 
ves. 

The upper frame, which is interrupted at the door 
bays, forms the plinth, and serves as a surface of as- 
semblage for the first course of wall panels. The top 
flanges of the irons composing this frame contain assem- 
blage apertures at distances apart equal to the width 


of the panel. The inner plinths of the external walis 
contain apertures, m, for ventilation. At the level of 
the upper story a similar double frame, R R’ (Fig. 7), is 
interposed between the walls of the lower story, N, and 


Fig. 15. 
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EMBOSSED STEEL PLATE BUILDINGS. 


ture, the assembling apertures of the panels in contact | better decorative effects within, or to avoid a useless 


always correspond with each other, as well as with 


the elements with bolts, then, is effected without diffi- 
culty, and, as the lower edges of the upper panels are 


bent over the joints, the latter are protected against | 


the intrusion of rain water. On another hand, at the 


extremity of each panel there is a notch, e, in the edge 


of the tie piece, that receives the web of a T iron. 
rons, f, of this profile, whose webs are provided with 
assetublage apertures, are interposed between the ver- 

Joints of the panels on the two faces of the walls, 


th ‘ | division externally. 
ose of the flat irons interposed. The assembling of | 


Bases of the Walls.—Except in cases where the ground 


| is absolutely wanting in solidity, these structures need 
no foundation. They rest upon the previously leveled 
surface through the intermedium of two super 
frames of > irons in pairs. This arrangement is shown 
in Figs. 5 and 6. Here K and K’ are the two super- 
posed frames, whose parts are connected here and there 
| by cast iron braces, e. The lower frame, K. serves as a 
/support to the I iron flooring sleepers. To form the 
flooring, the I iron beams are affixed to the > iron 


are bolted with them, so that a notch always pre- | frame by means of angle irons, and upon them are laid 


upper story, N’, to which it is bolted. The lower frame 
serves as a support to the flooring of the upper story 
and to the ceiling beneath. 

Intersections 4 the Walls, etc—From a _ practical 
point of view, it is important to be able, in the varied 
eases that somewhat complex structures present, to 
easily effect the assemblages at the intersection of the 
walls and partitions. In view of this, the society has 
devised a rolled iron piece of the shape shown at ¢, in 
Fig. 8, which forms the inner corners, and an analo- 
gous piece, ?, of embossed plate for the external cor- 
ners. These pieces are continuous between the > iron 
frames to the top of the building. 
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Fig. 10 represents an assemblage at the level of the 
upper story of a simple beam for a partition with the 
Lirons of the flooring. In Fig. 11 is shown a simple 
roof beam, and in Figs. 12 and 13 are shown the cross- 
ing of a double partition beam aud the I irons of the 
flooring. 

At the crossing points of the twin iron beams, on the 
crown of the wails, and at the intersection of the gut- 
ter cornices, cast iron pieces are used for the assem- 
blages. These have the proper shape and dimensions 
to form a perfect junction, and are fixed by means of 
their tenons, which enter between the flanges of the 
beams. 

Fig. 15 shows the intersection of two external walls 
meeting at right angles and forming a projecting cor 
ner, and Fig. 16 the intersection of two external walls 
meeting at right angles, with a re-entrant corner, and 
a prolongation of the partition walls. Fig. 17 shows 
the intersection of two partition walls meeting at right 
angles, Fig. 18 the intersection of two external walls 
meeting at right angles, and Fig. 19 the intersection 
of two partition wails at right angles. Fig. 20 shows 
part of an external wall divided by columns of the 
width of two panels, Figs.2and 21 the intersection of 
an external wall and partition wall, and Fig. 22 the in- 
tersection of two partition walls at right angles. 

Figs. 23 and of show the assemblage of the simple 
beams and gutter cornices. Figs. 25 and 26 show the 
assemblage of the > iron beams and gutter cornices. 

Ceilings.—The ceilings are composed of special 
panels of embossed plate in the form of coffers of a 
very decorative effect. A specimen is illustrated in Fig. 


| short voyages, enabling her to earn a living by towing 
b carrying cargo when not employed in life-saving 
uties. 

| The vessel carries two lifeboats, to be launched and 
used when the water is too shallow for a werful 
steamer to operate. She is also fitted with a gun 
capable of throwing a line and establishing communi- 
cation in any weather with a vessel at a distance of a 
quarter of a mile. A bath, heated from the main boiler, 
and which can be ready at a moment's notice, is fitted 
on board, for the purpose of restoring any person who 
may be found suffering from exposure on floating 
wreckage, ete. Our engraving is from a photograph.— 
London Graphic. 


IMPROVED WOOL WASHING MACHINERY. 


WE illustrate an improved wool washing machine 
which is shown at the Manchester exhibition by J. & 
W. MeNaught, of St. George’s Foundry, Rochdale. 
The machine consists of a shallow cast iron trough 
about 14 ft. long and 38 ft. wide, partially filled with hot 
water for washing the wool. The wool in its dirty con- 
dition is placed on a feeding board at the right hand 
end of the machine, and is provided with an endless 
traversing band for feeding the wool into the trough. 
It is then slowly carried along through the water by 
curved forks or rakes attached to a light reciprocating 
frame suspended by chains from above. On the return 


stroke of the frame the forks are lifted out of the water 
and return quickly to again enter the water and propel 


| ments, and is only b the water 
ments, and is only necessary when the wat 
9¢ alkaline liquor u in this washing p 

specialty of the firm. It is kept at a temperate ° 
about 100° Fahbr. by a steam jet in a separate y 
and when heated it is fed into the trough by means of 
buckets attached to an endless belt. A jet of gt 
blowing direct into the trough among the wool ae 
very injuriously upon it by making it stringy but b 
adopting such a system as the above, the washed won 
retains its original staple and fleecy character, the fibers 
are not mixed up orcrossed in the least, but remain in 
their natural form and are perfectly free, thus givi 
the best possible results in carding and also in com), 
ing. 

One of these machines is capable of washing 5001b, 
of wool per hour.—£ngineering. 


[Continued from SupPLEMENT, No. 617, page 9852.) 
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ON RED AND PURPLE CHLORIDE, BROM- 
IDE, AND IODIDE OF SILVER; ON HELIo- 
CHROMY AND ON THE LATENT PHOTO. 
GRAPHIC IMAGE. 

By M. Cary LEA, Philadelphia, 
PHOTOBROMIDE OF SILVER. 


THIs substance is formed for the most part by the 
same reactions as the corresponding chlorine salt. 


IMPROVED WOOL WASHING MACHINE. 


27. In cases where the ceiling is surmounted by a 
flooring, the panels composing it are simply laid upon 
the lower flanges of the beams and are bolted together 
by the edges in contact, while the side panels are con- 
nected with the vertical ones at the top of the wall. 
In structures without any upper story, the ceiling 
nels are fixed to very light beams of special profile.— 
evue Industrielle. 


A JUBILEE STEAM LIFESHIP. 


IN consequence of the very arduous duties our life- 
boats are called upon to perform, the great difficulty in | 
many cases where the boat has to be rowed long dis- 
tances to the wreck, and the consequent exhaustion of 
the crew on arrival at the scene of action, and the 
serious disasters which occurred to some of our lifeboats 
last winter, Sir Edward Watkin, Bart., M.P., conceived | 
the idea of meeting these difficulties by means of steam | 


the wool onward. The forks in the improved ma- 
chines are made of sheet brass, stamped to a concave 
form by special machinery. When the wool is very 
dirty, an agitator is used for shaking the wool on its pas- 
sage through the machine. The wool on arriving at the 
end of the trough is carried up an inclined plane by 
small rakes and delivered to revolving rollers, which 
are pressed together by heavily weighted levers and 
springs. 
when the machine is not at work. The upper roller is 
covered with lapping or wool, while the lower one is of 
plain polished brass. 

The object of passing the wool through this squeez- 
ing process is to get itas dry as possible. The appear- 
ance of the wool on leaving these rollers is a marked 
contrast from what it was wheu it entered the machine, 
when it was of adark brown color and matted together, 
the process having brought it to a white, fleecy appear- 
ance. When the wool is exceptionally dirty, it is found 


This pressure can be immediately released | 


lifeships, capable of proceeding with great speed, and | necessary to pass it on to a second machine of exactly 
against head winds and seas, whenever their services | similar design, but using much cleaner water. When 
were required, and to be stationed at suitable positions ; this water gets very impure by constant use, it is trans- 
on our coasts. ferred by means of a steam jet to the first machine and 

The first of these vessels, designed by Mr. G. Kelson, | clean water supplied to itself. Each trough is provided 
of Samuda Brothers (limited), and )uilt by them for! with a false bottom, made of perforated sheet copper, 
the South-Eastern Railway Company, is now stationed | which allows the sand and sediment to fall through in- 
at Folkestone. Her dimensions are, length 120 feet, | to the space below. In the old system of wool cleaning 
breadth 20 feet, depth 101g feet She is built of Sie-| machines, this sediment was removed by hand, which 
mens steel, and specially constructed to work in the| was a very tedious and unpleasant operation, besides 
roughest seas. Internally she is divided into numerous! involving the removal of the false bottom. In order to 


NEW STEAM LIFESHIP. 


watertight compartments, securing safety in case of | facilitate this operation Messrs. McNaught have adopt- 


| It is not, however, to be supposed that all reddish 
| brown substances resulting from the action of reducing 
‘agents on silver bromide are the photosalt. By re- 
|duction, AgBr may yield a brownish colored form of 
silver, which mixed with unreduced AgBr may form a 
substance resembling the photosalt, but having none 
of its properties. The two are easily distinguished by 
the action of cold nitric acid, which, added to a brown 
mixture of AgBr and Ag, quickly dissolves the silver, 
leaving AgBr. On the photosalt it has no action. 

A beautiful variety of photobromide is easily ob- 
tained by dissolving silver nitrate in ammonia and add- 
ing it to ferrous sulphate previously mixed with solu- 
tion of soda. Then KBr is added disso!ved in dilute 
| sulphuric acid, until the mixture has a s‘rong acid re- 
|action. 
| Sometimes this method gives immediately a fine pur- 
| ple, sometimes a brown product. But in either case, 
|after washing and cautiously heating with dilute nitric 
|} acid, a beautiful purple results. Much care is needed 
in the nitric acid treatment, or particles of yellow bro- 
mide will form. 

A specimen obtained in this way gave figures indicat- 
ing 7°25 per cent. of subbromide. Each specimen how- 
| ever varies in composition, often very materially. 

I subsequently found it desirable in some degree to 
vary the method and to determine the best proportions 
in which the materials were used, to obtain a constant 
product. That which I prefer to use is as follows: 

Six grammes of silver nitrate are to be dissolved in 
200 centimeters cube of water, and ammonia added 
until the precipitated oxide redissolves easily. Twelve 
grammes of ferrous sulphate are dissolved in 200. ¢. 
of water, and the silver solution is poured into this. 
Then four grammes pure caustic soda dissolved in 50 
ec. c. of water are added, let stand a few minutes, then 
five grammes of KBr dissolved in a little water. Fi- 
nally, dilute sulphuric acid until the whole has a strong 
acid reaction. 

This product, well washed and then heated cautious- 
ly with nitrie acid 1°36 diluted with five times its bulk 
of water, gives photobromide of a shade of royal purple 
extremely beautiful. 

Notwithstanding its fine color, it proved to contain 
but little subbromide, not quite one per cent. (0% 


p. ¢. 

Various other methods may be employed. Silver 
bromide may be dissolved in ammonia and be treated 
first with ferrous sulphate and then with dilute sul- 
phurie acid. This method, which is very good with 
the chloride, is less available for the bromide because 
of the less solubility of the normal bromide in ammo 
nia, so that although the product is good, it is sunall 
in quantity. 

Very good results are obtained by dissolving silver 
phosphate, nitrate, and probably almost any other salt 
of silver in ammonia, aaiiee ferrous sulphate and, after 
two or three minutes, hydrobromic acid. 

Potash bromide and cupric sulphate may be made 
to act on metallic silver in fine powder, but the pro 
Gnet ie contaminated with much copper, difficult to get 
rid of. 


accident. Her eugines, by Messrs. T. A. Young & Son, | ed the device of making their machines with long, nar- 
are compound single screw engines of 320 horse power, | row orifices at each end of the trough, from which flat 
of great strength and simplicity of construction, and | jets of steam issue along the bottom and thoroughly 
capable of driving the vessel at aspeed of twelve knots | cleanse it by stirring up the sediment and mixing it 
per hour. The vessel has all necessary fittings for tow-| with the dirty water as it flows away through a well at 
ing, and is also capable of carrying a fair cargo on | 


the bottom. This operation occupies but a few mo- | 


When AgBr is treated with sodium hypohosphite, @ 
brown or brownish purple form of photobromide Is © 
tained, which seems to be more easily decomposed bY 
nitric acid than most other forms of this substance. 

Potash or soda with oxidable organic substances, 
made to react on silver nitrate and then treated w! 
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HBr, gives the photobromide. With soda and milk 
sugar or aldehyde a rose colored or pink product is 
erally obtained. 

Reactions.—In strong solution of potassic iodide it 
dissolves, and this solution by dilution lets fall pale 

ellow normal bromide. With a weaker solution it 
Kecomes somewhat lighter in color. 

With acid ferric sulphate there is no action in the 
cold, but with a few minutes’ boiling the photobromide 
is converted into bright colored normal bromide. 

In sodium hyposulphite it dissolves, leaving a little 
black residue of silver. 

With ammonia the action at first seems slower than 
is the case of the corresponding chloride, and if the 
ammonia is poured over the photobromide in small 
quantity, it may seem to be without effect. But the 

hotobromide shaken well up in a test tube witha 
7 excess of amwonia is almost instantly blackened. 

Exposed to light, the red shades of photobromide 
darken with great rapidity. Placed alongside of the 
corresponding chloride, the contrast is very striking. 
A strong image forms on the bromide long before 
anything appears on the chloride. Nevertheless, if 
these two films are thrown into a developing solution, 
the chloride, on which nothing could be seen, gives a 
vigorous positive development, while the bromide, 
which already showed a strong positive image, develops 
anegative one. The details of this reverse develop- 
ment have been already considered in another paper. 

As respects the direct effect of light unaided by de- 
velopment, the contrast between its action on the nor- 
mal haloids and on the photosalts is very striking. If 
a rose and some norinal bromide 
are exposed side by side, the normal bromide (formed in 
presence of excess of alkaline bromide) darkens but 
very slowly, while the photobromide is quickly acted 
on. I have seen deep purple photobromide change 
to brown all over its surface with less than five minutes’ 
exposure to diffuse light in the middle of a room—an 
amount of exposure which would scarcely have pro- 
duced a visible effect on normal bromide formed in 
presence of excess of KBr. 

When photobromide is exposed to the spectrum, it 
shows the same difference in sensitiveness and darkens 
more rapidly than photochloride. But it gives little 
indication of color. 

When exposed under colored glass, photobromide 
gave distinct indications of reproducing colors, but 
much less favorably than photochloride, Under green 
glass it became bluish, under blue greenish, under 
yellow glass it bleached and under red glass the red of 
the photobromide remained unchanged. 


Photoiodide of Silver. 


The most characteristic color of this substance seems 
to be a fine rich purple. It is obtained in much the 
saine way as the corresponding chloride and bromide, 
with this limitation, that an excess of alkaline haloid 
must not be present, as the photoiodide is quickly de- 
stroyed by it. The iodide salt differs much more from 
the bromide than does the bromide from the chloride, 
and two striking distinctions are its easy decomposition 
by its ewn alkaline salt and its action with ammonia, 
as will appear beyond. 

A very easy and satisfactory method of obtaining the 
photoiodide is the following: Silver is to be reduced 
from the nitrate or chloride, in fine powder, in any con- 
venient way. I have usually employed Levol’s method. 
To a solution of potash, iodine is to be added until the 
liquid becomes almost black. This iodine solution is 
to be diluted and poured over the silver by degrees, 
keeping the silver constantly agitated, until the whole 
mass becomes clear bright purple. 

Any excess of silver present Tr! be removed by boil- 
ing with dilute nitric acid, but this operation requires 
far more circumspection than in the case of the corre- 
sponding chlorine and bromine products. The acid 
(1°36 was used) must be diluted with twelve or fifteen 
times its bulk of water, and the boiling must be very 
short. Otherwise the photoiodide is converted into nor- 
mal yellow iodide. 

Another method by which it may be obtained is to 
add ammonia to silver nitrate in considerable excess 
and to pour this into solution of ferrous sulphate. 
Potassic iodide is dissolved in very dilute sulphuric 
acid and added till the mixture has a sharp acid re- 
action. It is necessary to observe that the KI added 
must be somewhat short of a proportion equivalent to 
that of the silver. Any excess of silver may be re- 
moved in the manner aiready explained. 

Different specimens of the purple product in this way 
obtained gave various amounts of AgaI from 0°64 per 
cent. to 4°63. The same remark made as to the mean- 
ing of these determinations in reference to the other 
haloids applies to this. 

The method of roasting silver oxide until it is black 
and acting on it with the hydrogen acid of the halogen, 
which works well in the case of the chloride, does not 
answer well for the iodide. 

When silver iodide is boiled with solution of sodium 
hypophosphite, it gives a brown product, evidently 
indicating that reduction to some extent has taken 
place; the hypophosphite solution may or may not 
show traces of iodine. The color of the silver iodide 
may show a very marked darkening, and yet the solu- 
tion may give no trace of iodine by the most delicate 
reagents. 

This was very difficult to explain until I found that 
silver iodide has the property of taking up and retain- 


. ing small portions of iodine, a reaction not very sur- 


—- in view of the tendency I have found in silver 
aloids to take up foreign substances of very various 
natures, and also of the facility with which iodine is 
taken up by alkaline iodides. This property in silver 
iodide was verified by shaking up I of freshly 
precipitated and still moist Ag] with iodine solutions. 
Aleoholie solution of iodine diluted until it has a pale 
sherry wine color is quickly decolorized by AglI, and 
the same thing happens with a very dilute solution of 
iodine in KI, walek in a few minutes becomes as color- 
ess as water. 

This reaction I found particularly interesting, for it 
not only explained the action of hypophosphite in the 
ease just mentioned, but also gave a clew to the cause 
of a phenomenon I observed more than twenty years 
ago, and which then and long afterward seemed to me 
an unanswerable argument in favor of the physical na- 
ture of the latent image. 

At the time referred to I formed films of pure silver 
iodide entirely isolated from foreign matter, by re- 


ducing metallic silver on plates of ground glass, iodizing 
them with alcoholic solution of iodine or with Lugol’s 
solution, then washing most thoroughly under a tap 
for hours. When these films of silver iodide were ex- 
posed to light, they received an invisible image which 
could be develo But these invisible images, if the 
plates were laid aside in the dark, had the property 
of fading out in a few days or weeks, then could no 
longer be developed, but the film could receive a fresh 
image. This seemed an unanswerable proof of the phy- 
sical nature of the latent image at least on silver 
icdide. The argument was: If the production of this 
latent image is the result of chemical action involv- 
ing the loss of iodine by the silver salt, how then is 
this iodine recovered when the image fades out? If it 
is formec of subicdide, where does this latter sub- 
stance get back its iodine to return to the normal 
fori, as it unquestionably does ? 

No answer could be given then or after, and this ex- 
periment, repeated and confirmed by others, has always 
seemed the strongest support of the physical theory. 
When, however, it appears that silver iodide can take 
up icdine and hold it. the course matters follow becomes 
evident. By*the action of light a very small quantity 
of subiodide is formed, and combines with the normal 
to form photoiodide. The iodine set free evidently 
does not pass off, but remains combined with neighbor- 
ing molecules of AgI, and in the dark gradually recom- 
bines with the photoiodide, reconverting it to normal 
Agl. In this retention the lower tension of iodine as 
compared with bromine and chlorine no doubt plays its 


rt. 
< * thus explaining away the fading out of the latent 
image on silver iodide, the last argument in favor of 
the physical theory is destroyed, while the chain of 
proof supporting this new explanation, that the latent 
image consists of normal haloid combined with its own 
subsalt, remains unbroken. 

Reactions.—When ammonia is poured over purple 
photoiodide of silver, the color quickly passes to a sal- 
mon and then, even after some days, seems to undergo 
no further change. Of separation of metallic silver, as 
iu the case of the corresponding chloride aud bromide, 
there is no trace. 

In sodium hyposulphite it dissolves slowly, leaving 
a slight but distinct residue. 

Dilute nitric acid mixed with dilute solution of KI 
slowly but completely converts it to normal silver 
iodide. 

Light acts slowly upon it, changing the color to 
greenish gray. 

I have already spoken of the remarkable manner in 
which light acts reversely by development on _ 
bromide. On photoiodide the effect is usually the 
same as on photochloride, viz., the action is direct. 
But occasionally it reverses and the exposed part comes 
out lighter in development than the part that has not 
been exposed. In this respect the behavior of the 
iodine compound is intermediate between that of the 
chlorine and the bromine. 


Note in Conclusion. 


The investigations of which the preneting pages are 
the result are still unfinished. have very lately 
observed the formation of another group of silver ha- 
loids quite diffent from the photosalts. The members 
of this new group are deeply colored, purple or red, 
not unlike the photosalts, but are 
from them by very different reactions. he photosalts 
are unaffected by cold strong nitric acid. hese new 
salts are by very dilute acid instantly converted into a 
pale pink substance, which appears to be a photosalt. 
But the most striking difference is in the action of 
ferric chloride. A strong solution of this substance 
shows no action with the photosalts unless left in con- 
tact for many hours or days. But these new haloids 
are instantly converted by it into what is apparently 
light pink photosalt. 

So energetic is this action that a solution of ferric 
chloride containing one part only to a thousand of 
water quickly attacks these dark purple salts and de- 
colorizes them. Sucha solution might remain indefi- 
nitely in contact with the substances I have called 
photosalts without affecting them. 

Other differences exist. So faras I have yet been 
able to observe, these new haloids are formed pure, 
whereas the photosalts are almost always contaminated 
with either free silver or free subsalt, or both. As yet 
there has been no time to fix with exactness their mode 
of formation or their properties, which I hope to do at 
a future day. 


IMAGE TRANSFERENCE. 


By the term image transference I propose to de- 
note certain effects produced on sensitive films, effects 
curious in themselves, and of interest in connection 
with the subjects of papers which have appeared in the 
May and June numbers of this journal. 

In those investigations it was shown to be possible 
to take a film of a silver haloid—chloride, bromide, or 
iodide—and after making marks upon it with sodium 
hypophosphite, to obtain a development of these marks, 
precisely as if they had been impressed by light, but 
quite independently of any exposure to light. I now 
propose to show that it is possible to develop on 
a film of silver haloid a complete image—a_ print 
fromm a negative for example—without either exposing 
the silver haloid to light or to the action of hypophos- 
phite, or subjecting it to any treatment whatever 
between the moment of its formation and that of its 
development. The film of silver haloid comes into ex- 
istence with the image already impressed upon it. 


above mentioned are rapidly converted by the halogen 
acid comes into existence with the image already im- 
pressed on it at the instant of its formation. 

So that although the substance which received the 
image is completely broken =P and destroyed, the 
image is not, but is transferred in all its details to the 
new film of silver haloid. 

It is therefore evident that the action of light on all 
silver salts that can thus transfer an image must be 
similar in all its essentials to the action of light on the 
silver haloids. An important conclusion follows, that all 
such silver salts must be capable of forming sub- 
salts, else the image could not be transferred, In the 
case of most silver salts, the existence of such subsalts 
has not before been recognized or even suspected. 
Indeed, if lam not mistaken, the existence of sucha 
subsalt of silver phosphate has been expressly denied, 
but the image formed by light on silver phosphate can 
be transferred. Therefore, suabphosphate must exist. 

These results have also a very direct bearing on the 
subject of one of wy papers in the last number of this 
journal. I there to show that the photo- 
salts of silver as obtained by purely chemical means 
are identical with the products of the action of light 
on the silver haloids, both with the material of the 
latent image and with the visible product of the con- 
tinued action of light, or, rather, with the most char- 
acteristic constituent of that product. As respects this 
latter identity, I showed that although the brightly 
colored photochloride could not be obtained by the 
direct action of light on silver chloride, it could readily 
be formed indirectly by acting with light on other salts 
of silver, and treating the product with HCI. 

It might be argued that in this proof one link was 
wanting, viz., proof that the photochloride obtained by 
the action of HCI on silver salts, other than chloride, 
exposed to light, was of the same nature as that ob- 
tained by the action of light directly on silver chloride. 
The results above described supply that link, if it was 
needed, and show that the photochloride obtained by 
the action of HCl on silver salts, other than the chlo- 
ride, exposed to light, has the same capacity for de- 
velopment as has the material of the latent image ob- 
tained on ordinary silver chloride. 

But this proof itself may be thought liable to an ob- 
jection. It may be said that as an image was certainly 
impressed upon the original film, it is not completely 
proved that the halogen acid had anything todo wil: 
the ultimate production of a developed image. The 
objection would not be well taken, and the experi- 
ment may be varied to two ways, either of which elimi- 
nates it. 

Most silver salts are soluble in nitric acid. After 
applying the halogen acid, it may be washed off, and the 
paper may be placed in nitric acid until every trace of 
the original salt (supposing that any escaped the action 
of the HCl or HBr) is removed, and until it is absolutely 
certain that nothing is left in the film but the silver 
haloid. When this done, the development, so far from 
being impeded, is rendered only the stronger and 
brighter. Certainly, therefore, the silver haloid is the 
essential base of the development. Another very 
decisive experiment may be made in this way. Paper 
prepared with tartrate, oxalate, or almost any other 
salt of silver, is to be exposed for a minute or there- 
about to astrong light (not under a negative). It is 
then taken into a dark room, and marks are made 
upon it either with a glass rod or a camel’s hair pencil 
dipped in dilute hydrochloric or hydrobromic acid. 
After letting the acid act for five or ten minutes, it is to 
be washed off, the paper plunged into nitric acid, and 
after again washing, it can be placed in a developing 
solution, when the marks made will appear black on a 
white ground. This mode of operating gives a very 
convincing result. The nitric acid treatment may be 
omitted, but when this is done,the number of salts 
that can be used is more limited. The four salts first 
above mentioned give good results, even. without the 
nitric treatment, but some silver salts undergo a spon- 
taneous change in the dark by keeping a short time, 
such that when théy are placed ina earings ce solu- 
tion (without exposure to light) they may blacken in- 
stantly all over. Silver tartrate is one of the best salts 
to operate with, though pyrophosphate, citrate, oxa- 
late and some others do almost equally well. Sulphate, 
antimonio-tartrate, phosphate, nitrite, and arsenite do 
not give good results, except with the nitric acid treat- 


ment. 

With a salt like tartrate or oxalate the experiment is 
very striking. The paper imbued with it is exposed 
to light over its whole surface. It is then taken to the 
dark room, and simply marked with dilute HCl or HBr 
and washed. Thrown into a developer, all the marks 
of the halogen acid quickly blacken, proving, first, that 
the effect of light is transferred from the one salt to 
the other; second, that the effect as transferred to the 
chloride or bromide is far more susceptible of develop- 
ment than it was in the original salt. It seems a not 
unreasonable explanation of this last mentioned fact 
that the greater sensitiveness of the haloid compounds 
may depend on their power to combine with their own 
subsalts, so that the reduction may commence with the 
subsalt, and quickly extend from it to the portion of 
normal salt with which it is combined ; that, on the 
other band, other silver salts may not share this power 
of uniting with their subsalts,and are consequently 
more slowly and imperfectly attacked by the developing 
solution. his explanation may or way not be correct, 
but seems not improbable. 

A eurious fact incidentally presented itself in the 
course of this investigation: that when paper pre- 
pared with silver salts, other than the haloids, was ex- 


For this purpose almost any silver salt is selected ; ci- | posed to light, and then marked with HCl, the effect 


trate, benzoate, tartrate, a. ete., answer 
perfectly. (Some silver salts, the phosphate a 4 
undergo a slight reduction spontaneously in the dar 


| 


of a short exposure, so far as development was con- 
cerned, was as great as that of alongone. A piece of 
paper was prepared with a given salt by non-actinic 


These are less suitable.) A film of the silver salt selected | light. It was then placed between the leaves of a closed 
is formed on paper by the ordinary methods, and this| book with one end projecting. The book was then 
is exposed under the negative to a few seconds of sun- | placed in the light(very faint sunshine), and the pre- 


shine. 


paper was gradually drawn out, so that different 


The next step is to convert this film into one of silver | portions received progressive exposures from 400 seconds 


chloride or bromide, by plunging it for a few minutes 


into dilute acid. Ordinary hydrochloric acid may be | 


down to three seconds. A number of marks were made 
with HCl diluted, parallel to the end of the paper, so 


diluted with six times, commercial hydrobromie with | that to each mark corresponded a different exposure 


two or three times, its bulk of water. The exact strength 
is unimportant. After a short immersion, the acid 
is to be washed out, and it only remains to put the 
film, now consisting of silver haloid, into a ferro-oxalate 
developer, when the image appears at once. The 
chloride or bromide of silver into which the salts 


from 3” to 400". The papers were then placed in nitric 
acid, washed, and developed. These pieces are before 
me as I write, and it is meres say by the appear- 
ances which portion received the three seconds, which 
the 400. The marks are equal in strength on each paper 
from one end tothe other. The salts used were : silver 
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benzoate, tungstate, phosphate, pyrophosphate, and 
tartrate. The short exposure gave asnfficient basis for 
development, the longer effected nothing more. 

The 0 ene of this series of papers has been to offer a 
new explanation of the nature of the latent photo- 
graphic image, and to show that it consists neither of 
the normal silver haloid physically modified nor of a 
subsalt, but of a combination of normal salt and sub- 
salt ; that the subsalt loses in this way its weak resist- 
ance to reagents, and acquires stability, thus corre- 
sponding to the great stability of the latent image, 
which, though a reduction product, shows consider- 
able resistance to even so powerful an oxidizer as nitric 
acid. Further, that this combination of normal salt 
and subsalt, which constitutes the material of the latent 
image, can be obtained by chemical means, and wholly 
without theaid of light; that the forms of these photo- 
salts, as I have ventured to name them, which corre- 
spond to the material of the latent image are either 
colorless or nearly so, but that other forms, possessing 
beautiful and often intense coloration, also exist. With 
the chloride some of these brightly colored forms show 
a ready tendency to reproduce color, in some cases with 
well marked and beautiful tints. So that we have 
here an approach to the solution of the problem of ob- 
taining images of objects in their natural colors from a 
quite new direction, and probably with better hopes of 
an eventual complete success than by any of the older 
methods. 


THE PART THAT ELECTRICITY PLAYS IN 
CRYSTALLIZATION.* 


To the preceding experiments we shall add the fol- 
lowing: 

1. Let us attentively examine the phenomenon in 
its successive phases. ‘As soon as we place a small 
copper disk upon the film of silver solution, we at 
once see the liquid draw back as if it were forcibly 
repulsed, and, in less than a minute, form around the 
metal a concentric zone, nearly dry, extending 0°025 m. 
beyond the disk, that is to say, over a diameter of 
50 min. 

I have satisfied myself that this is not due to capil- 
larity, fora zine disk parallel with the preceding laid 
upon a film of pure water of the same thickness as that 
of the silver solution produces around it merely the or- 


Fie. 8—VEGETATION OF SILVER 
IN RING FORM. 


dinary ascending meniscus, which does not extend be- 
yond 2 or 3 nm. 

This repulsive effect of the dried zone is doubtless 
due to the electricity produced by the sinall voltaic 
couple which immediately forms under such circum- 
stances. In a few minutes the repulsion is less observ- 
able, and the liquid gradually approaches the disk. It 
is then that the second zone of silver is seen concentric 
with the zinc. The first, from its origin, was brown, 
formed of a deposit looking like imperfectly reduced 
amorphous oxide. This second zone is white, wide, and 
forined of semi-crystalline spongy silver. 

Not much longer after this, the arborizations pro- 
perly so called make their appearance around these de- 

sits. Finally, the crystallizations of the non-decom- 
posed salt and of the salt resulting from the decom posi- 
tion occurs, and the crystals mingle with the metallic 
arborizations., 

2. If the solution of silver is very concentrated (80 
grms, to 150 grms. of water), there is produced around 
the zine disk a continuous, solid, heavy ring of silver, 
2 mm. in thickness (Fig. 8). This semi-crystalline de- 
posit, in which crystals are seen sparkling here and 
there amid an amorphous mass, is of a similar nature 
to the one observed upon deposits of copper or silver 
in electrotypy when the current has become too weak. 


Fia. 9.—VEGETATION OF SILVER 
AROUND A ZINC DISK. 


The deposit then, in fact, is formed of brittle, erystal- 
line nodules in rings. Around the ring under consider- 
ation there occurs a wide zone of white silver in a 
spongy state. It isonly beyond this second zone that 
the arborizations begin to form. 

There is one difficulty with these experiments, and 
that is this: In order that the arborizations may 
rapidly extend, a thin film of liquid is necessary ; but, 
if it is too thin, it promptly evaporates, the plate 
dries, and the arborizations are arrested. If the film 


* Continued from SuprLemeENTt, No, 616, page 9640. 


with the crystals of salt. 

This trouble is partially remedied by causing the 
liquid to flow off by means of a strip of absorbent pa- 
per after the metallic vegetation, and before the crys- 
| tallization of the salt reaches it. The clogging up of 
the arborizations may be prevented, too, in another 
way. The salt crystals may be dissolved by putting 
the plate in water or alcohol, and gently heating the lat- 


= 


Fie. 10.—VEGETATION OF SILVER AROUND 
A SQUARE PIECE OF ZINC. 


ter. Then the plate is slightly inclined and the water 
allowed to evaporate. 

3. Fig. 9 represents the quite symmetrical arrange- 
ment of the arborizations of silver around a well clean- 
ed zine disk. If the zine is square in shape, the arbor- 
izations are distributed nearly equally around the cir- 
cumference; and those that form the summit of the 
angles are generally well developed, and begin to form 
sooner than those at the sides of the square (Fig. 10). 

4. Figs. ll and 11 bis show the arrangement of the 
arborizations of lead and copper along the sides of a 
strip of zine and of azine wire. In all cases, the base 
of each arborization remains fixed without any new 
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Fie. 11.—ARBORIZATION OF LEAD ALONG 
A STRIP OF ZINC. 


formation and division, while the ends of the branches 
continuously subdivide. 

5. The direction of the arborization seems to be ca- 
pricious ; but, in reality, the laying bare of the metal 
and the crystallization’ occur according to the principle 
of the least resistance ; and we know that homogene- 
ity, even of a solution on a horizontal plate, is never 
perfect. It is in those places where the stratum is 


Fie 11 Bts.—ARBORIZATION OF COPPER 
ALONG A ZINC WIRE. 


thinnest that the metallic vegetation develops most 
rapidly and extensively. 

It will be conceived that when it is a question of a 
saline solution left to itself upon a strip of glass, in 
the absence of any precipitant metal, its crystallization 
begins at the edges, where the liquid has least thick- 
ness, and were evaporation is consequently most rapid. 
But, with a solution in the presence of a precipitant 
metal, it would seem, on the contrary, that the presence 


Fig. 12.—ARBORIZATION OF SILVER 
BY ELECTROLYSIS. 


of a larger quantity of liquid ought to favor the phe- 
nomenon. 

The cause of this arrangement may be connected 
with the degree of concentration of the solution in con- 
sequence of a more rapid evaporation. Yet, it may not 
be impossible that superficial tension plays a preponde- 
rant role here, since the whole phenomenon occurs on 
the surface of the liquid. What proves the efficiency of 
the thinness of the liquid film in the production of 
arborizations is that if the plate is not very horizontal, 
they run by preference toward the highest parts, where 
the film is consequently thinnest, 


is too thick, the arborizations finally get clogged up| The analogy between spontaneous metallic vegeta 


tions and the deposits obtained by electrolysis is eyj. 
dent. With thesame experimental arrangements (saye 
the direct use of an electric current), and with the same 
solutions, we obtain in both cases the same nature and 
samme forms of deposit—pure, brilliant, or dull, crystal. 
line or amorphous metal, according to circumstances, 


Fig. 12 Bis.—-SPONTANEOUS ARBORIZATION 
OF SILVER. 


Upon the whole, in order to obtain beautiful metallic 
vegetations, it is necessary to use quite dilute soijutions, 
and to spread the liquid uniformly in a thin film over 
the plate of glass held horizontally. 

6. After my numerous experiments upon magnetic 

hantoms and electro-chemical rings, | was naturally 
ed to seek in the phenomenon of metallic vegetation, 
as well as in that of the arborescences produced by 
electrolysis, a relation between the effects. 

In the first place, the question was to know whether 
there was a repulsion between the arborizations issuing 
from one center and those of a neighboring center. 
The verification of such a preconceived idea is easily 
made. We take two small zine disks, of equal size and 
well scoured, and arrange them at 2 or 3 cm. from each 
other on a glass plate covered with a thin and uniform 
film of nitrate of silver. If the distance is feeble, a 
lack of arborescences will soon be observed between 
the two disks (Fig. 13). The arborescences produced at 


= 


Fig. 13.—REPULSION OF ARBORIZATIONS. 


two centers, then, seem to repel each other like the 
lines of force of two magnetic phantoms of the same 
name. Moreover, the neighboring branches starting 
from the same center do not mingle, and consequently 
repel each other like the lines of force of the same mag- 
netic phantom. 

These effects are much more marked when the solu- 
tions are mixed with gum. 

Analogous effects of repulsion are observed with 
three or four zine disks (Fig. 13 bis). In one particular 
ease, it was not arborescenves that were produced, but 
a blackish, amorphous, floating deposit which ar- 
ranged itself in three branches symmetrically disposed 
between the disks, like the lines of force of three mag- 
netic poles of the same name, or, better, like the co- 
lored rings produced by the presence of three points 
leading an electric current from the same pole. 

Thus, the arborizations obtained either electrolyti- 
cally or directly without recourse to electricity are 
ordinarily arranged according to the direction of the 
lines of electric flux, as also according to those shown 
by electrostatic discharges upon insulating substances. 
In the first case, the effects are more marked than in 
the second, but, in definitive, these arborizations have 


Fig. 13 B1is—REPULSION OF ARBORIZATIONS. 


the same origin. The cause is only less energetic, and 
consequently less capable of showing the effects. 
Instantaneous Metallic Vegetations.—If, instead of 
depositing small circular or polygonal pieces of zine 
upon the saline solution, we scatter filings of the same 
metal upon a glass plate covered with a solution of 
medium strength, very beautiful arborizations W! 
then be produced, but with such rapidity that, when 
the plate is put under the microscope, they will already 
have taken on nearly their entire development. +4° 
observe their formation, it is necessary after the pre 
liminary focusing to seatter the filings over the glass 
while the eye is held to the microscope. The greater 
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number of the branches are produced at the very mo- 
went of the fall of the filings on the solution. 

Although the arborizations are here instantaneous, 
go to speak, they do not extend far. The small quan- 
tity of precipitant metal is soon exhausted, and the 
small voltaic couples cease to exist. 

Each system of arborization around the same center 
of fine filings scarcely extends beyond one or two milli- 
meters. A microscope that magnifies from 30 to 40 
diameters suffices for these examinations, and shows 
all the details of the aborizations (Figs. 14, 14 bis, 14 


ot will doubtless be asked why, with the precipitant 
reduced to filings, the arborizations are produced in- 
stantly, while that, with the same metal in plate form, 
under the same experimental conditions, they do not 
appear until after a considerable space of time—one or 
more hours—and sometimes require an entire day to 
finish their development. This difference is explained 
by stating that in the last case, as the metallic surface 
is wider and the electromotive force is much greater 


Fie. 14.--ARBORIZATIONS 
OF SILVER. 


than in the first, there forms in the first place, around 
the precipitant metal, deposits of precipitated metal, 
in a spongy mass, in fascicles so close that the naked 
eye can distinguish no erystals in them. It is only 
when the electromotive force is already weakened that 
the arborizations, properly so called, spring up and 
separate—the terminal forms of the phenomenon. 

e know that, in electrotypy, when the electric cur- 
rent is too strong, the deposit is pulverulent, and is 
sometimes formed of incompletely reduced metal. An 
analogous phenomenon occurs in our metallic vegeta- 
tions. 

It must be said, however, that this difference be- 
tween the instantaneous effects and the effects regarded 
as slow that we observe with the naked eye is not real, 
and that we can satisfy ourselves with the aid of the 
microscope that the arborizations spring up instan- 
taneously in the zone of first contact of the liquid and 
the precipitant metal. The inexhaustible mass of the 
latter and the initial electric energy mask the entire 
phenomenon at the origin. f 

The compact arborizations which then develop with 
great speed around the precipitant metal give evidence 
of a very active decomposition of the surrounding 
liquid. So, at the time of the crystallization of the 
remanent liquid (the last —_ of the phenomenon), 
the saline crystals do not show themselves or else ap- 

rin but small number among the first zones of ar- 

rization. It is only at the extremities of these latter 
or in continuation of them that these erystals deposit. 

In passing, let us add these remarks: Provided that 
the liquid film be thick, we observe that the arboriza- 
tions float upon the liquid. Moreover, the zinc filings 
that are strewed upon the liquid remain floating upon 
the surface, despite their specific weight. This is an 
= of capillarity.—C. Decharme, in La Lumiere Elec- 

rique. 


RECKENZAUN’S SECONDARY BATTERY.* 


IN the Review for April 22, we briefly deseribed a 
form of secondary battery devised and patented by 
Dr. Frankland, F.R.S., and it will not escape notice 
that the invention of Mr. Reckenzaun is to ae teenie 
and purposes identical with the foregoing, the latter 

tentee, however, having the good fortune to antedate 

r. Frankland by a very short period of time only. 
Before entering into the details of Mr. Reckenzaun’s 
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RECKENZAUN’S SECONDARY BATTERY 
PLATE. 


vittery. it may not be amiss to dilate, although some- 
‘A rieflv, upon storage cells generally. 
those ne the numerous systems of secondary batteries 
of the Electrical Power Storage Co. have been 
ed as the most successful in the commercial 
Thi 88 well as in their constructive arrangements. 
8 Company owns the patents of Faure, Sellon, 


Fie. 14 Bis. -ARBORIZATIONS 
OF LEAD. 


Volckmar, Swan, and others, the first being acquired 
for the purpose of obtaining the use of his invention 
for the Lo | emg of red lead or other oxides, which 
he pasted upon or into metallic lead supports. All 
the other patents yee the company control the use 
of perforated, indented, corrugated, or reticulated 
metal supports or plates, the hollow parts of which are 
filled with the paste devised by M. Faure. 

The Electrical Power Storage Co. and their host of 
imitators, among whom may be reckoned Julien, 
Epstein, Farbaky, and others, make or cast grids with 
square holes, somewhat conical internaily, for the 
better retention of the oxide which is subsequently 
pasted into them. It is well known that this paste 
expands, when converted into peroxide, through the 
electrolytic action in the cells when charging. This 
expansion takes place in each square, and consequently 
all over the plate, but, unfortunately, as the natural 
result of the varying mechanical resistance offered by 
the support, not evenly. Thus the paste in the center 
of a square plate will have a considerable resistance to 


Fa. 14 rER.—-ARBORIZATIONS 
OF COPPER. 


overcome by virtue of all the surrounding substance, 
whereas those parts nearer the edges encounter less op- 
position and expand more freely. Hence the plate 
must become distorted, a state generally termed ‘‘ buck- 


ling.” Two neighboring plates, if they do not buckle 
in the same direction, will thus come into actual con- | 
tact, and in the endeavor to avoid this manufacturers 
place India rubber plugs into the plates at short dis- | 
tances apart. so as to render the free, unsupported sur- | 
faces as small as possible. These precautions, how- | 
ever, do not remove the tendency to unequal expansion. 
They merely offer a rude remedy, which cannot remove 
the cause. Moreover, it occurs very frequently that 
the lead frames burst after prolonged use, this being 
another result of unequal expansion. | 

But a worse evil than this is found in the fact that | 
the paste detaches itself from the conical support and | 
drops out in halves or in smaller fractions. . 

This invariably occurs after a time even in the station- 
ary cells, and such a fault renders perforated plates 
practically useless for purposes of locomotion. hen 


shaken in a tram ear, for instance, the detachment of |- 


the paste is promoted to a large extent, so that the 
plates become unserviceable in the course of a few 
months, or even weeks. 

The life or depreciation of secondary batteries of the 
systems indicated depends, first, upon the time neces- 
sary to cause the bursting of the grids through buck- 
ling or the tendency to buckle, and, secondly, upon 
the period of retention of the paste in the holes. Un- 
der the best conditions, we do not think we shall be in 
error if we say that the life of such plates does not | 
usually exceed two years if worked to their full capa- | 
city, and this means an expense which but few electric 
light installations can bear; and, so far as tram cars 
worked by accumulators of this description are con- | 
cerned, there is little hope for success from a commer- | 
cial point of view. 

It may be mentioned that the India rubber plugs | 
form a very expensive item in the cost of secondary 
battery manufacture, both on account of the price of, 
the material and the labor involved in fitting the plugs 
into the plates. Furthermore, the use of red lead as 
generally adopted renders the “forming” process at 
once troublesome, complicated, and costly. 

We will now proceed to describe the improvements 
effected by Mr. Reckenzaun with the view of overcom- 
ing the disadvantages which we have enumerated, the 
sketch shown being taken from an actual plate in our 
Possession. 

The inventor prepares small cylinders of spongy or 
finely divided lead or other suitable porous material, 
and places them at short distances from each other and 
in regular lines upon the lower half of an indented 
metal die. The two halves being fitted together, molt- 
en metal, preferably lead or a suitable alloy thereof, is 
poured in, thus forming a resultant conglomerate plate 
of great strength structurally, and from which the 
paste cannot by any chance become disengaged. The 
advantages claim for this method of construction 
over other types of cells are as follows : 

1. Freedom from buckling, since any possible expan- 
sion can only take place in the direction of length. 

2. No possibility of the active material becoming de- 
tached. 

8. No India rubber plugs or other costly separat- 
ors ; sticks or rings of any insulating substance suffice 
to keep the plates the requisite distance apart. 

4. No double process of formation is required, the 
positive plates being a similar and of the same 
material as the negatives. When the plates are con- 
nected up, the cells are ready for immediate use. 

5. No pasting in the ordinary sense is necessary ; the 
porous cylinders are made by machinery, and are con- 
sequently cheap. 

6. The durability and certainty of action is vastly 
increased. 

7. While the cost of manufacture is considerably less, 
the depreciation is correspondingly smaller. 

8. rge working capacity with small amount of 
material and little space—a 200 ampere hour cell 
measures 715 inches X 7 inches x 10 inches high. 

9. Can be discharged at any rate without materially 
affecting the plates. 

The following comparison showing the saving of 


material and labor, taking the E. P. 8. cells as a is, 
is given as an example: The doing away with India 
rubber plugs, and substituting sticks or rings, will 
give a saving of six per cent. in the prime cost. The! 


plates of the E. P. 8, Co, have to be “formed” sepa-' 


rately in forming boxes. The negatives are placed 
with “ blind ” positives and soldered up; these nega- 
tives are then subjected to the “reducing” process 
for a period of about three to tour days. The positives 
again are packed into similar forming boxes with 
‘‘formed” or ‘partially formed ” negatives and then 
soldered up. The red lead paste is converted into per- 
oxide, and this process lasts two days. The connections 
of the positives and negatives have to be unsoldered 
again, the plates must be unpacked, and this, with the 
double method of *‘ forming,” causes wuch expenditure 
of time, labor, and material. The value of this labor is 
estimated at 10 per cent. on the prime cost of the bat- 
tery. We regret that owing to Mr. a 
sence in America we cannot offer our readers any data 
cou piled from actual tests of the cells, but from casual 
figures obtained with a battery which has been in 
operation for a period of something like 18 months, and 
from personal inspection at intervals, we have every 
reason to believe that a distinct and important advance 
in secondary battery construction is here shown. 

It is most essential that a cheap, reliable, and durable 
accumulator should be forthcoming for the pur 
of electric locomotion, and this we think Mr. Recken- 
zaun has produced. 

It stands to reason that if the electrical propulsion 
of tram cars is to become more general (and who can 
doubt that this will eventually be the case ’), there must 
be a point where the conductor system, be it overhead 
or in conduits, is no longer admissible, and here it is 
that the accumulator must step in. 

To make our meaning still plainer, the loss on a con- 
ductor increases with the length of the line, whereas 
the loss in the transformation of electrical energy from 
dynamo to battery and from battery to motor remainsa 
constant,no matter how long the trainway. It would be 
very interesting if some of our electrical engineers would 
enter into this question, and show for what distances 
properly proportioned conductor systems are less costly 
than the self-contained car with secondary batteries, 
and at what point the latter bears off the palm. 


THE WATERHOUSE STANDARD AMMETER. 


IN response to the demand created by the electric 
light and wer industries for convenient means of 
measuring heavy currents, a very considerable number 
of ammeters have been devised and produced, of vary- 
ing degrees of usefulness and reliability. In most of 
them permanent magnets or metal springs have been 
employed as a directive force against the action of the 
current to be measured. As neither of these forces is 
absolutely constant, an accurate permanent calibration 
is unattainable with their use. 

In the Waterhouse ammeter both permanent mag- 
nets and springs are discarded, the indicator being 
maintained at 0, by gravity, and actuated in its move- 
ment by the repulsive force of like poles of electro- 
magnets. 

Fig. 1 shows the ammeter cowplete. 


On the top are the binding posts for circuit wires, 
and also a small compass for denoting the direction of 
the current. The front presentsa dial with silver 
indicator, and on the base is a table on which the cali- 
bration of the instrument is recorded. These are in- 
closed a a glass that is secured in position by a screw 
and washer on top. 


The principle involved is shown in Figs, 2 and 8. 

Fig. 2 shows a coiled conductor wound around a 
stationary soft iron core, M, this core having a long- 
itudinal slot, situated to one side of the median line of 
the upper edge of the periphery of the core. In this 
slot is placed a soft iron armature, A, which is provided 
with iron pendent pole pieces and a silver pointer. 
The armature, A, and its pole pieces and pointer are 
finely pivoted at each end and free to swing or vibrate, 
while the core, M, is stationary. 
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The current in the coiled conductor polarizes M and 
A alike, so that the poles attached to A are of the 
same sign as the same ends of M. The repulsion of 
like poles causes the pendent parts of A toswing away 
from the center of the core, M, as shown in Fig. 3, 
carrying the pointer, as shown in dotted lines, to an 
angle corresponding to the strength of the current pass- 


ing through the coil. When the current is cut off, 
gravitation carries the pointer back to 0. 

The Waterhouse Electric and Manufacturing Co. 
make voltmeters also on the same priuciple.—Llectri- 
cal Engineer. 


(Continued from SurrLement, No. 617, page 9861.) 


PLANT ANALYSIS AS AN APPLIED SCIENCE.' 
By HELEN C. DES ABBOTT. 


THE consideration of the cereal products of the Unit- | 
ed States and our domestic sugar supply in relation to | 
this subject seems of sufficient importance to detain 
us for a few minutes. 

“The total production® of the six principal cereal 
grains of the United States for the census year 
amounts to 2,697,962,456 bushels, an average of 58°83 
bushels per head for the whole population. The total 
breadth of cultivation and the amount of product of | 
each of the grains is as follows : 


Production | 


Grain. Acres, | 

1,997,717 44,113,495 
| 118,631,923 2,697,962,456 | 


‘** Whether considered in respect to breadth of culti 
vation, total product, or average production per head 
of the whole population, these figures place the United 
States at the head of the grain-producing countries of 
the world, The tables of cereal production, | 
taken in connection with the tables of other produe- | 
tion, and these compared with the returns of previous | 
census years, show that agriculture continues to be the | 
leading productive industry of the country, and cereal | 
production the most prominent feature of this in- | 
dustry. ... | 

“ The increase in grain production, since the previous 
census enumeration, is in part due to the cultivation of | 
new lands iu the West and in the Northwest, but more 
largely due to gain in farming regions already occupied 
in 1870. The popular belief that the chief increase in | 
production and the rapid growth of the grain exports 
is due to the cropping of new and cheap lands is not 
sustained by the census enumeration. The tables of 
production show that the most of the grain is in re- 
gions some time in cultivation and on lands ranging in 
value from $30 per acre upward. “2 

“The actual production of 588 bushels per head of | 
total population shows that the United States must be 
a grain-exporting country, notwithstanding the enor- 
mously large consumption by its population. The 
grain and flour exports® for the five years ending June 
30, 18°0, amount as follows : 


Grain, Bushels. | 
Wheat and corn...... 883,692,207 
Flour and corn meal ..... penenanse 24.850,316 


“The profitable cultivation* of cereals on a large 
scale is more dependent upon climate than upon soil. 
Rocks of various geological ages underlie the different 
yortions of the chief grain-producing regions. The 
immediate influence of the underlving rocks is, how- 
ever, greater in the Southern and Western portions 
of the United States than in the Northern and East- 
ern.” The production and distribution of grain in the 
United States is influenced largely by the physical 
character of the soil. “The portions producing the 
bulk of the grain have soils of reasonable fertility, but 
are also those which are easily tilled, and upon which 
the best machinery and labor saving appliances can be 
most readily used. 

* The acreage and crop’ of wheat, in 1879, amounted 
to 35,440,052 acres, 459,579,505 bushels, the acreage being 
29:7 per cent. of all the land and cereals, and the product 
about 9°2 bushels per head of total population. . 4 

“There is but little wheat land east of the Hudson 
River, and although New York and Pennsylvania pro- | 
duce considerable wheat, the great bulk of the wheat 
country lies west of those States, beyond the seventy- 
seventh meridian and the Appalachian chain of moun- 
tains, and north of the Ohio River. : 

* The successful cultivation of wheat, in a commer- 
cial sense, is determined by a complicated set of condi- 
tions.” In anagricultural sense, * the yield and quality | 
of the crop practically depend upon but five condi- 
tions—the climate, the soil, the variety cultivated, the) 
mode of cultivation, and the liability to destruction by | 
insects.” Chemistry has to do, however, with only the | 


1A lecture delivered before the Franklin Institute, January 17, 1887. 
From the Journal of the Franklin Institute. 

2 Report on the Cereal Production of the United States, Dept. cf the 
Interior, Census Office, 1884, p, 381. 

3 Cereal Report, p. 383, 

Ibid., p. 306. 

Ibid., pp. 440-442, 
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soil and the variety of grain related. The chemical 
composition of the grain and its value as a bread plant 
not only vary greatly in the different varieties, but 
also in the same variety from year to year, and on 
different soils. 

Indian corn! stands first in amount of the cereal pro- 
ductions of the country. This cereal is more generally 
distributed over the country than any other. The 
place of its greatest preg: omy is on the fertile prairies 
and river bottoms of the West, and north of the thirty- 
sixth parallel of latitude. A comparatively few States? 

»roduce the bulk of the crop, the four States of Illinois, 
fone, Missouri, and Indiana producing upward of 52 
per cent. 

chemical composition’ of Indian corn varies 
more than wheat, as might be expected from the vast 
number and great difference of its varieties. As a 
whole, it is not quite so rich in albuminoids.” It varies 
also much more in the amount of fiber. The average 
proportion of starch is less than in wheat, but the most 
noticeable difference is in the amount of oil. Indian 
corn, when in the “ milk,” is a most natritious and ex- 
cellent food. ** The chemical analysis of green corn 
shows respectively 14 to 15 per cent. albuminoids. . . . 
an amount equal to that in the very best wheat flour.™ 

Oats * stand the third cereal of importance in the 
United States. Maine, Vermont, New York, and Wy- 
oming raise more oats than any other cereal. The 
muscle producing value of oats depends upon the 
amount of their albuminoids. The average composi- 
tion of some American oats for analysis showed a high- 
er percentage of albuminoids than the richest wheat 
flours. The amount of fat in oats ranges from 4 to 
nearly 6 per cent. 

Barley ° is successfully cultivated in a wider range of 
climate than any othercereal. It is the most hardy of 
all the cereals, and it grows in the North nearly to the 
point where all cultivation ceases. On the other hand, 
barley flourishes well in semi-tropical countries, and in 
this country the State of its greatest production is 
South. In Arizona and Nevada, more of barley than 
any other cereal was grown in the census year. 

Rye’ has become of very minor importance in the 
United States, in comparison with other cereals. It 
can be grown upon very poor soils. In Europe, for 
many ages, it was the principal breadstuff of the peo- 
ple, for it could be cultivated on soils too poor to grow 
wheat. Pennsylvania has, at each census return, been | 
the leading State in total production, now followed by 
New York. 

From analyses, rye in the Kernel is less nutritious 
than wheat, and the deficiencies in their respective 
flours is still greater. Wheat flours average about 11 
per cent. of albuminoids, while rye flours average at 
about 6 per cent. On the other hand, rye bran is 
richer in albuminoids than wheat bran. 

The popular belief that buckwheat ° is less strength- 


chemical reason—for the percentage of albuminoids is 
low, ranging from 4 to 8 per cent. The starch is in 
larger amount than ip wheat, the percentage of oil 
being about the same. The peculiar aroma of buck- 
wheat cakes is probably derived from the presence of 
an essential oil decomposed by heat. 

Chemistry plays an important part in the cereal pro- 
duction of our country. The United States Agricul- 
tural Department furnishes several reports on this 
subject.’ The analyses have been conducted to show 
the effect of environment on the grain. The albumi- 
noids, fats, and ash ee of American grain are 
given and compared with foreign crops, and the aver- 
age composition of flour from different sections of the 
eountry has been studied. 

The importance of chemical analyses in this connec- 
tion is evident, for the relative chemical composition 
of a cereal decides its nutritive value, and this informa- 
tion is essential to the farmer in the selection of the 
kinds of grain for sowing. The percentage of chemical 
composition of grains varies from crops grown in differ- 
ent sections of the country, and furnishes a scientific 
basis for careful selection of climate and soil. 

Agricultural chemical analysis is usually conducted 
to show the aggregate percentages of groups of sub- 
stances. All the nitrogenous compounds are determined 
together and classed as the albuminoids; starch, gum, 
sugar, and similar substances, as carbohydrates. Oils, 
waxes, and allied compounds are classed as fats. Special 
cow pounds existing In winute quantities, but belong- 


such a general plan of analysis. Such compounds might 
have great economic interest. Careful and detailed 


isolate these principles 

The source of sugar supply to the world is from a 
few plants—the beet, maple, sugarcane, and sorghum. 
In our country during 1883-84 beet sugar was all made 
at Alvarado,” Cal. Sugar manufactured from the beet 
on the Pacifie coast is an assured success. The climate 
and soil of Northern California, Oregon, and Washing- 
ton Territory are especially suitable to this plant. A 
vast range of territory in our Northern States would be 
adapted for the cultivation of the sugar beet. The 
causes of past failures to establish a beet sugar indus- 
try may be remedied, depending upon more scientific 
methods of agriculture and chemical methods. Maple 


slow growth, and their territory of cultivation limited. 


An adequate supply cannot be expected from this 
souree, nor from the sugar cane of the South during; 
the present stage of this industry. 

If it is admitted that the prosperity of a country is | 


| shown by its advance in agriculture, then the onward 


march should be encouraged by every means in our} 
We should look to our own acres for our sugar | 
supply, since this can become practicable, and not 
abroad. The encouragement of a sugar industry in 
this country is of importance, when it is considered that 


! Cereal Report, p. 470. 

2 Tbid., p. 471, 

3 Tbid., p. 482. 

* Ibid., p. 484. 

5 Ibid , p. 491. 

* Ibid., p. 497. 

7 Ibid, p. 50. 

Ibid., p. 508. 

* Buls. No. 1, No. 4, No. 9, Chem. Div. Dept. of Agr. By Clifford 


Richardson. 


1®“ Our Sugar Supply.” By H.W. Wiley. From Bul. No, 2, Chem. 
Soc. of Washington, January, 1887. 


over $100,000,000 is sent out of the country for raw sugar 
annually. 

The problem of how to reduce our revenue dogg not 
apply to this industry, and in a recent letter on g plan 
of tariff revision, Mr. E. H. Ammidown says; « 
lation to reduce the duty on sugar should be def, 
until the conditions and prospects of the whole su 
industry have been more carefully investigated pe 
better understood. An industry which, if establig 
would produce $150,000,000 in value of a staple article 
of f required in every American household and 
save $100,000,000 now or in the immediate future anon. 
ally paid to foreign producers—such an industry, with 
the example of France and Germany to encourage 
is of too serious importance to this nation to be treated 
by the national legislature otherwise than with the 
utmost caution and most cautious deliberation,” 

The following statistics will show the sugar and 
molasses importation. 

For the year ending June 30, 1886,' free of duty from 
Sandwich Islands : 


Amount, Value, 
Molasses....... 61,171 gallons. $7,786.00 
191,623,175 pounds. 9,166,826.00 
Dutiable, Amount, Value, 
Molasses... .. 39,018,637 gallons. $5,587.894,00 
2,498, 258,590 pounds. 71,606,918.00 
Sugar candy, etc. ............ 23,383.00 
Value of all imported sugars and 
The value of all imported sugars 
and molasses, for the year end- 
Jame 1606... 76,738,719.00 
For the year ending June 80, 1884 103,884,275.00 
The total value’ of domestie su- 
gars and molasses amounted to —_43,037,409.08 
The amount of money sent out of 
the country during the last 
year to meet the demands of 
sugar consumption was....... 135,000, 000.008 


The above figures show the amount of sugar and mo- 
lasses consumed in the United States annually. If we 
are to obtain all of these products from our own lands, 
it is a reasonable question to ask, How is this to be ae- 
complished ? 

Former analyses show that the yield of sugar from 
Louisiana cane is less than from cane grown in the 
tropics. The future prosperity of Louisiana growers 
need not suffer from this poorer juice. The recent ex- 
periments at Fort Scott‘ demonstrated that a given 
weight of cane, without notably increasing the cost of 
manufacture, yielded 30 per cent. more sugar than had 
ever been made before. The Southern sugar industry 
will thrive with the encouragement of a greater sugar 
yield and by the introduction of more scientific methods 
of growing and manufacture. 

Of late years the manufacture of sugar from Sorghum 
saccharatum has attracted attention. So far, as a 
business project, it has proved a financial failure. 
From the recent chemical reports of the Agricultural 
Bureau, under proper conditions of cultivation, this 
— promises to become a profitable source of sugar 
supply. 

a a few of the chemical results of the late Fort 
Seott experiments. Up to October 1, the mean com- 
position of the chips entering the diffusion battery was: 


Per Cent. 

Following that date : 

Per Cent. 
416 
Soluble solids. .. ...... 14.89 
Available sugar minus........ 0°85 


With such raw material it was found to be impossible 
to successfully manufacture sugar. , 

It must not be inferred from these discouraging 
analyses that sorghum is not capable of becoming & 
good sugar-producing plant. Many samples of cane 
brought fresh from the fields or from protected parts 
of piles of cane cut fora day showed a remarkably high 
percentage of sugar. eee 

On September 30, a sample of cane from the carrier 
showed : 


Per Cent. 
Glucose .....%...... 
Available sugar ........-. 6°98 


Such cane would yield 140 pounds of sugar per ton. 


An October cane cut one day gave an average of 176% 
pounds of sugar per ton. 

Dozens of samples of cane during the season would 
have given over 100 pounds of sugar per ton. When it 
is remembered that sorghum cane can be growD and 
delivered at the factory for $2 a ton, the importance 
these figures cannot be overestimated. If sorghu 
ean be produced which will contain five per cent. aval 
able sugar from the whole crop, the future of the i 
dustry is a most promising one. P 

Until the variations of the percentage of sucrose I 
the juice can be controlled, sorghum cannot be con- 
sidered a profitable crop for sugar production. | . 

It is purely a question of more scientific agriculture, 
So far as the processes are concerned, the problem 0 
extracting the sugar from the cane has been solved. 

To insure the financial success it will be important io 
select a suitable situation of climate and soil. Befo 
embarking upon a large money outlay, the stltay 
representative of a company should experime® 

row, under trial conditions, sorghum cane 18 
ocalities where it is proposed to start the industry: its 

On a broad scale the northern and southero lim 


1 Bureau of Statistics, Treas. Dept. 1886. 

2 Bul. No. 5, Chem. Div. Dept. of Agr., pp. 7 and 8. 

* From. Bul. No, 2, Chem. Soc. of Washington, p. 16. 

¢ Bul, No. 14, Chem. Div. Dept of Agr., 1886. H. W. Wiley, 
* Bul, No, 14, 
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pave been already defined. Seventy degrees Fahren- 
heit is the isotherm * for the best sorghum sugar pro- 
duction for June, J aly: and August; but cane for 
sirup will grow north of that line. 

Ata comparatively small expenditure the question 
of climate for special localities and other conditions 
eould be tested by a chemical analysis of the plant, 
whose juices respond as quickly to favorable or adverse 
eonditions as the mercury to heat and cold. 

Dr. Wiley + recently, in his annual address as presi- 
dent of the Washington Chemical Society, said: ‘* The 
hope of sorghum is not in new methods and new 
machinery; it is in the skill and patience of the agrono- 
wist. Wise selection of seed, intensive culture, judi- 
cious fertilization —these are the factors that can make 
the sorghum sufficiently saccharifacient.” 

[t seems to me that the refinements of plant analysis 
are destined to play an important part in this connec- 
tion. Chemical analysis of chosen seed would insure a 
wise selection for planting. Analysis of the cane and 
juice would show the results of experimental culture. 

‘or experiment, the proportional constituents of the 
soil may be varied, to determine if the proportion of 
ehemical constituents of the eane detrimental or favor- 
able to the production of richer juice may be con- 
trolled. 

Analyses would show what external chemica: con- 
ditious are requisite to insure a vigorous growth, and if 
upon these depends a larger sugar yield. Series of 
experiments at different stages of growth undertaken 
to discover the chemical processes attending growth, 
maturing, and ripening of the canes under trial con- 
ditions are necessary to be known by the chemical 
representative of the producer. 

lant chemistry in applying this knowledge to prac- 
tieal agricultural ends will fulfilla high aim. It may 
be suggested as a worthy object of agricultural experi- 
ment to discover what parts of the residual sorghum, 
juice, and cane after the sugar extraction may serve a 
practical eud. A profitable utilization of these pro- 
ducts would assist the improved machinery and new 
chemical processes in lessening the cost of sugar pro- 
duction. Paper} has been manufactured from the 
cellulose of the sorghum cane. Future experiments 
will determine the separation and econowmic interest of 
other constituents. 

(To be continued.) 


OXALIC ACID FOR THE SEPARATION OF 
VARIOUS METALS.§ 


IF oxalic acid is added to the solutions of different 
common metals—neutral or faintly acid—there are pro- 
duced ia the majority of such solutions precipitates of | 
insoluble or sparingly soluble oxalates. In a few cases | 
only there takes place no separation of insoluble oxal- | 
ates, and the solutions remain clear. This latter case | 
occurs in the solutions of the alkali metals and those of | 
the higher compounds of some metals rich in electro. | 
negative constituents, in which hydrated alkalies throw | 
down hydrates corresponding to the sesqui- and per- 
oxides, and in which such hydrates form compounds | 
with a metallic acid. 

A precipitation of insoluble oxalates does not occur 
in the solutions of neutral salts of the alkaline metals, 
and in the solutions of chrome, aluminum, iron, man- | 
ganese, uraniuin, and tin oxides, as well as of chromic, 
manganic, and antimonie acids, and of the acids of 
arsenic. This behavior of the oxalates affords means 
not only of distinguishing the various stages of oxi- 
dation of the above acids, but also of separation, qual- 
itatively and quantitatively, of the metals in question 
in their higher compounds from a great number of 
other metals. Setting aside gold and platinum, we 
find that among the metals of group VI. stannous ox 
ide and antimony teroxide are separated from their 
solutions by oxalic acid, while no preeipitation ensues 
in the solutions of stannie oxide, antimonie acid, and 
of the arsenic acids. All the metals of group V. are 
precipitated by oxalic acid. 

The oxalates of lead, bismuth, silver, copper, and 
mercury, both in their maximum and minimum com- 
pounds, are almost insoluble. Cadmium oxalate is 
sparingly soluble. Copper, and indeed all other metals, 
should be thrown down only from hot liquids, prefer- 
ably by a boiling solution of oxalie acid or by adding to 
the boiling solution a sufficiency of finely pulverized 
oxalic acid, as the precipitates in boiling solutions sub- 
side more rapidly. After the liquid has become clear 
it is filtered by decantation, so that the least possible 

uantity of the precipitate is brought upon the filter. 

he two portions of precipitate (that on the filter and 
that on the beaker) are then dried, placed in a porce- 
lain crucible, and heated, very cautiously at first, and 
finally more strongly after the addition of a little nitric | 
acid. Small quantities of copper oxide can be easily 
converted into oxide. Large quantities are inconve- 
hient on account of the gases evolved during the de- | 
composition of the oxalates, which may ceccasion loss | 
by projection. The silver salt enters into decom 
sition at 110° C., and detonates if heated more strongly. 
The mercuric salt is decomposed at 163°, somewhat 
Violently, into mercurous salt and ecarbonie acid. In- 
stead of decomposiug oxalic acid in its salts by heat 
alone, it may be destroyed by heating with strong sul- 
Phuric or phosphoric acid, with permanganie acid, 
chromic acid, or with chlorine in an alkaline solution. 

As for the metals of group IV., oxalic acid throws 
down nickelous, cobaltous, mwanganous, ferrous, and 
uranous oxides, and also zine oxide, from their neutral 
or moderately acid solutions as sparingly soluble oxal- 
ates. In this group, consequently, ferrous, mwanganous, 
and uranous oxides may be separated, by means of oxalic 
acid, from the corresponding higher oxides, The faintly | 
rose-colored cobalt oxalate and the dull green nickel 
oxalate much resemble the copper salt in the fineness | 
ofthe precipitates. Both are very sparingly soluble. | 

ther wore soluble is the lemon yellow, very stable 
ferric oxalate and the manganous salt, which is almost | 
white and settles readily. 

The zine salt is most readily and completely sepa- 
rated by evaporating its solutions mixed with a slight | 
CXcees of oxalie acid. This behavior of the zine salt 


*Bul. No. 3, Chem. Div. Dept. of Agr. 
Our Sugar Supply.” 
State Sorghum Saccharatum.” By C. A. Goessmann. From Trans. N. Y. 
a fe Agr. Soc.. 1861. Bul. xli., N. J. Agr. Experimental Station, 1887, p. | 
Bul. No. 14, Chem. Div. Dept. of Agr.. p. 56. | 
§ By C. Luckow, in Zeitschrift fur Analyt. Chemie. 


must be kept in mind in quantitative analyses. The 
complete separation of all the precipitates produced by 
oxalic acid is much promoted by the timeallowed. The 
metals of group LV. require more than those of group 
V. If to the solutions supersaturated with oxalic acid 
there is added a solution of ammonium chloride or ni- 
trate, the separation of the insoluble oxalates is much 
promoted. 

A rapid and complete separation of all these salts is 
effected by evaporating down the solution with a slight 
excess of oxalic acid, and taking up the soluble matters 
in a little water. A volatilization of volatile chlorides 
under these circumstances does not take place if ox- 
alic acid is present in excess, even in case of arsenious 
compounds. Dilute sulphuric and nitrie acids do not 
appreciably increase the solubility of oxalates which 
are insoluble in pure water and in dilute oxalie acid. 
Hydrochloric acid, even if dilute, has a decidedly sol- 
vent action. Similar is the action of strong oxalic acid 
upon various insoluble oxalates. Many of the insoluble 
oxalates combine with the alkaline oxalates to form 
soluble double salts. Exceptions are the strontium, 
barium, calcium, silver, lead, and mercurous salt. The 
lead and the wercuric salt dissolve in hot solutions of 
alkaline oxalates, but separate out again on cooling or 
dilution. The barium, wagnesium, and mercuric salts 
are soluble in ammonium chloride. The non-volatility 
of the soluble oxalates is of importance, as evaporation 
is the quickest, simplest, and most certain method of 
separating the soluble compounds quantitatively from 
the insoluble. In such solutions the oxalic acid must be 
present in slight excess. If the evaporated residue is 
treated with water, the soluble oxalates are dissolved 
without decomposition, and may then be separated 
from the insoluble by filtration. 

Ammonia produces no precipitates in the solutions of 
antimonic and antimonious acids, while precipitates of 
oxides or of basie salts are formed in the oxalie solu- 
tions of stannie, ferric, uranium, chromium, and alumi- 
num oxides. Alkaline phosphates and borates, which, 
like ammonia, precipitate all these solutions in the 
absence of oxalic acid, occasion no deposits in its pres- 


ence. This behavior of tin and antimony solutions with | 


ammonia affords a simple means for the separation of 
the two metals. Even in solutions containing both, 
the tin is thrown down free from antimony if the solu- 
tion contains sufficient oxalic acid or ammonium oxal- 
ate, or if the precipitated tin oxide is dissolved in hy- 
drochlorie acid, mixed with oxalic acid, and reprecipi- 
tated with ammonia. 

lf we have to examine an alloy of tin, or antimony, 
or of both, with lead. copper, zine, or iron, the com- 
minuted sample is dissolved in a small excess of aqua 
regia, oxalic acid is added to the boiling solution so 
long as a precipitate is produced, the insoluble oxalates 
are allowed to settle on cooling, or the solution along 
with the precipitate is evaporated to dryness on the 
water bath and taken up again in a little water. The 
separation of the precipitate from the liquid is best 
effected by decantation through a double filter, bring- 
ing upon the filter as little as possible of the precipitate. 
In quantitative operations the precipitate and the 
filter are freed from soluble portions by means of a di- 
lute solution of oxalic acid, and both are then dried 
and cautiously ignited. In the solution are found the 
tin, iron, and antimony if its conversion into antimonic 
acid has been complete, and the arsenic as arsenious or 
arsenic acid. As various oxalates are net absolutely 
insoluble in water and dilute oxalic acid, traces of them 
may be found in the soletion containing the tin, anti- 
mony, and iron, and must be considered in accurate 
quantitative operations. 

In the treatment of the ores, alloys, etc., with aqua 
regia, it is well, in case antimony is present in large 
quantity, to mix the solution, before adding the oxalic 
acid, with chlorine until adistinect and permanent odor 
of chlorine is preceptible, in order to make sure that 
all antimony is present as antimonic acid. In presence 
of zine it is safest either to evaporate down the solution 
(after addition of oxalie acid) upon the water bath, or 
to allow the same oxalic solution, mixed with ammo- 
nium chloride or nitrate, to stand for some hours. 

In order not to introduce an excess of acid, 0°1 grm. 
of the ore or alloy requires 1 c. ce. aqua regia made u 
of 3 to 4 vols. hydrochloric acid, sp gr. 1°2, and 1 vol. 
nitric acid of the same sp. gr., and that this 0°1 grim. 
requires twice the weight of crystalline oxalic acid 
(COOH), + aq. in order to convert all the dissolved 
metals into oxalates. If sparingly soluble chlorides or 
sulphates separate out in the solution, they may be 


| transformed into the corresponding oxalates by boil- 


ing with a slight excess of oxalic acid. 

If alloys containing tin are treated with nitrie acid, 
the supernatant liquid evaporated to expel*nitric acid, 
the residue or its insoluble portion moistened with a 
little hydrochloric acid, digested with a strong solution 
of oxalic acid until the hydrochloric acid is expelled, 
oxide is dissolved, while any metals present forming 
insoluble oxalates pass into the precipitate. Anti- 
monie acid prepared with strong nitric acid does not 
possess this property: but the meta-antimonie acid 
formed by the action of water on antimony perehloride. 
Solutions of antimonie acid mixed with oxalic acid re- 
main, therefore, clear on dilution with water. It is 
pessible that this different behavior of tin oxide and 
antimonic acid may lead to a separation of the two 
metals. 


THE FLOW OF SOLIDS, OR LIQUEFACTION 
BY PRESSURE.* 


By WILLIAM HALLOCK. 


THE question before us is this: Can solids be lique- 
fied by pressure alone, without a rise of temperature ? 
Also, is chemical action possible during this enforeed 
liquid state? Applied to rocks and rock-making mag- 
mas, it becomes a question of the first importance to 
geologists; as such it has been frequently discussed 
theoretically, but has seldom been experimentally in- 
vestigated. 

Walter Spring seems to be the pioneer in these tests, 
having published very many results during the past 
few years. His memoirs+ would seem to have proved 


* This is an abstract of a paper in the Bulletin of the Geological Sur- 
vey, Chemical Division, for 1886-87, which is itself complied from a report 
made September 9, 1885, to the director, J. W. Powell, under whose di- 
rection I undertook this work, and by whose kind permission this abstract 
is published. 

+ W. Spring. Bull. de l'Acad. R. de Belg., IT, xlix, 1880, and ITI, ix, 
1885 ; ‘and Bull. de is Soc. Chem. de Paris, xxix, 1688, and xivi, 1866, 


beyond doubt that pressures under 7,000 atmospheres 
will liquefy most solids.* and that it is only a question 
of slightly higher pressure to liquefy nearly all. He 
also finds that chemical action takes place under these 
circumstances, at least where the volume of the pro- 
duct is less than that of the original materials. Unfor- 
tunately, or fortunately, our confidence in Mr. Spring’s 
conclusions is seriously shaken by the criticisms of Ch. 
Friedei + and Ed. Jannettaz,{ who were not able to 
reproduce the results given. Henri Tresca§ carried 
out many striking experiments upon the flow of solids, 
but did not touch the question of their liquefaction. 

In order that I may not be misunderstood, I wish, as 
far as I am concerned, to give definite meanings to 
certain terms. Primarily, I wish to distinguish sharply 
between causing a body to flow and making it a true 
liquid. Any substance may flow when the force act- 
ing to cause the molecules to change their relative 
positions is greater than that tending to hold them in 
their original positions; that is, greater than the ri- 
gidity of the substance. Two causes way then produce 
'a flowing—an increase of the disturbing force or a 
diminution of the resisting power, the rigidity of the 
material, Pressure way act as the first of these causes, 
and heat, the second. /hether rupture or flow takes 
place in any given case, when the deforming overcomes 
the resisting foree, depends upon the nature of the 
substance, its limiting conditions, and the time allowed 
Sor the accomplishment of the motion. 

For cenvenience I would classify substances as : True 
solids, viscous solids, viscous liquids, and true liquids. 
True solids retain their shape under ordinary cireum- 
stances indefinitely. Viscous solids gradually yield to 
gravity, and flatten out. Viscous liquids “fill” their 
containing vessels only after a fraction of a second. 
True liquids fill their containing vessel practically im- 
wediately. Examples of each class are steel, lead or 
paraffine, tar and water, respectively. It goes without 
saying that we have no examples of absolute or perfect 
liquids or solids. Absolute rigidity is as unknown as 
absolute liquidity. If these ideas are correct, true 
* liquefaction ” is a diminution of the rigidity of a sub- 
stance until its molecules change tNeir relative posi- - 
tions as easily as in the “ true liquid” above defined. 

In order that a substance may undergo a change in 
its chemical or erystalline character, it would seem 
necessary that it should be in the condition, at least, 
of a viscous solid, in order that the molecules may 
rearrange themselves if there be any force urging them 
thereto. A priori it is Pome en «8 to me how or why 

yressure should impart this freedom to the molecules. 

ith the exception of a few substances at isolated 
points, as water between 4° C. and ice at 0° C., an in- 
erease of liquidity or a diminution of rigidity is simul- 
taneous with an increase of volume, 7@. e., with the in- 
crease of the intermolecular distances, which is usually 
|}accomplished by heating the substance. Jn general, 
for one and the same substance over considerable ranges 
of condition, the rigidity diminishes as the inter- 
molecular distance increases. How can pressing the 
molecules nearer together be expected to give to them 
a property which always accompanies their sepa- 
ration ? 

Apparatus.-Through the kindness of the chief of ord- 
nance we were permitted to use in its leisure moments 
the beautiful testing machine built for that depart- 
ment by A. H. Emery,| and situated at the U. 8. 
Arsenal, Watertown, Mass. I also gladly acknowledge 
my debt of gratitude for kindnesses and many good sug- 
| gestions to Col. F. H. Parker and Capt. John Pitman, 
of the ordnance corps, and to Mr. J. E. Howard, the 
engineer in charge of the wachine. 

Fig. 2 shows a vertical section across the holder on 
the plane, B B, of Fig. 1, which gives a vertical section 
on AA of Fig. 2. EE are the two halves in contact 
at hh, inclosing the cylindrical hole, F, in which the 
substance to be pressed is placed. Ah are strips of 
tissue paper used as packing between the two halves. 
II, Fig. 1, are the two pins acting as pistons fitting 


1 3 
B 


P 
v 
v 
into the hole, F, transmitting the pressure. aa are 


copper ‘‘ gas checks” placed in front of the pins to flare 
out and fill tightly the hole, F, preventing any escape 
of material. Figs. 1 and 2 are } natural size. The hole 
was one inch in diameter. Fig. 3 (scale 4) shows the 
manner in which the apparatus was held in the testing 
machine and the pressure applied. P and P are the 
jaws of the hydraulic clamps of the machine (capacity 
1,000,000 ib). H H, blocks of steel. also a steel 
block, holds the back (left band, stationary) pin in 
place. V V is the clamp of the fixed end of the ma- 
chine, where the pressure is weighed. To apply the 

ressure, the clamp, P P, is forced toward V V bya 
bydraalic piston, thus forcing the holder, E E, over 
the pin resting against O. In this manner a total com- 
pressive force of 1,000,000 Ib. is available, carefully and 
delicately weighed by the hydraulic balance of the 
machine. The pins yielded at 110,000 lb. per square 


® W. Spring. Bull, de 'Acad. Roy. de Belg., II, xlix, 1880. 
+ Ch. Friedel. Bull. de la Soe. Chem. de Paris, xxxix, 1883. 
¢ Ed. Jannettaz. Bull. de Ja Soc. Chem. de Paris, xl, 1884. Bull. de la 
Soc. Mineral. de France, viii, 1885. 
§ Henri Tresca, Mem. de I"Inst. Savantes Etranges, xvili, 1868. Comp- 
tes Rendus, Ixvi, 1868; Lxviii, 1869. 
Report of the Board on Testing Lron, Steel, and other Metals, vol. ii, 
1881. Government printing office. 
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inch. Hence in the experiments only 96,000 Ib. per|an ear was developed ; through its agency the vibra- 
square inch or 6,400 atmospheres was used. tions of sound were enabled to influence the nervous 
Experiments.—The amount of work done was com-! system, and there to produce sound sensations. As 
puted from the load and compression, which showed | time went on, the organ became more highly developed, 
that the possible heat generated would disperse into, and no doubt more refined in its power of receiving 
the holder and produce only an extreme vise of a fow jand transmitting sound impressions. At first there 
degrees Centigrade. was no organ whereby the animal could produce sound 
* Granulated ¢. p. lead” in a paper roll was subjected | as a mode of expression, But when an organ for 
to 6,000 atmospheres in the above apparatus. On) sound production was evolved, and when the animal 
taking it out, there was not the least sign of fusion or| became able to use that organ in suitable response to 
true liquefaction. It was merely pressed together, and | its various sensations of sound, the highest phase of 
could easily be broken and reduced to the original| brain action became possible. It needed only the 
grains between the thumb and finger. It is true these| higher development of the intellectual operations of 
experiments were not performed in vacuo—a condition | the brain to make the perception of the different sound 
which Mr. Spring. considers important. But if there | sensations sufficiently refined to render possible the in- 
is a true liquefaction, why does not the air rise to the| vention of language, with its manifold meanings and 
top of the cavity and allow fusion as it does when the| wonderful results) And at last it has come about, so 
granulated lead is heated? There was no liquefaction | closely are the impressions of sound associated with 
—only a pressing or sticking together. Powdered bis-|our mental operations, that we think in unspoken 

muth behaved in precisely the same manner; also| words, ‘ , 
powdered calcite. Asa critical experiment and atype| I desire this evening to direct your attention specially 
of many others, the following may close those here| to the sense of hearing—a subject full of interest, but 
enuwerated, at the same time so full of difficulty that I shall have 
to be careful lest I involve you in a maze of complex 
é eee detail and baffle your perception of the main points. 
| Those of you who have studied acoustics will have no 

A 8 ry 

The charge was composed as follows : 
A, small section of antimony from a previous test. 


difficulty in following my discourse. Therefore, I trust 
B, piece of beeswax whittled round, nearly filling the 


they will allow me to endeavor to carry with us those 
who may not be in a position so advantageous. 
NATURE OF SOUND. 


Let us in the first place attend to the nature of the 
physical agent that stimulates the organ of hearing. 


hole. ‘ - 
}, piece of paraffine whittled round, nearly filling Strictly speaking, sound is a sensation produced in the 
the hole. brain by the activity of its nervous mechanism. But 


for convenience the term sound is commonly applied to 
that mode of motion which enters our ears and throws 
the hearing apparatus into action. I shall use the 
word in that sense, and employ the term sound sensa- 
tion to indieate that state of consciousness which con- 
sists in hearing a sound. Sound is a wave motion, and 


D, ground bismuth in paper roll. 

E, paraffine same as C. 

F, small section of lead from a previous test. 

d d, two double pointed tacks stuck radially into the 
wax and paraffine; at b b two silver coins (old 3c. | 
pieces) were laid on the top of the wax and paraffine in | 
the cylinder. . therefore consists in vibration. Every sounding body 

What is the condition of affairs to be expected after! ‘5 2 4@ state of vibration. The vibration may be simple 
submitting this charge to 6,000 atmospheres? Accord- | °° Compound in its nature, and it will be o> tor ae for 
ing to Mr. Spring’s results, we should expect the silver | ™¢ @t the outset to explain what is meant by simple 
pieces and tacks to sink through the liquefied wax and | ®2¢ compound vibrations, otherwise you cannot under- 
paraffine, which would mix where in contact (B and | Stand the sense of hearing. ' 

C), Still more, the lead even would yield, then the| , Sémple Sownd Vibrations.—The motion of a pen- 
antimony and bismuth, and these, by the action of | dulum is a familiar example of the sort of vibration 
gravity, would flow down and mix at the bottom of the that produces sound. The pendulum oscillates to and 
cylinder, while the wax and paraffine filled the top. | oon When it swings from one side to the other and 

The actual result was that the substances all came | back again, it makes one complete vibration. Its 
out just as they went in. There was not the slightest | vibrations are repeated again and again in exactly the 
trace of even atendency to flow on the part of the | Same period of time—they are periodic. The numberof 
metals. There was no sign of fusion between the wax vibrations that occur in a unit of time—say in a minute 
and paraffine, which separated on their surface of con- —indicates the frequency of vibration. 1 can readily 
tact (between B and C) clean and distinct. dd and} >| Change the frequency of vibration by altering the 
did not sink to the bottom, but retained their original |!eogth of the pendulum. If I shorten it, it vibrates 
positions ; the silver pieces were forced against the top | More rapidly. The shorter I make it, the greater is 
of the cylinder so powerfully that their impression was | the frequency of its oscillation. Observe that I can 
left in the steel sale wo easily seen and felt. The silver | make the vibrations large or small without altering 
pieces were bent curved, fitting the inside of the cylin- their period. If I throw the pendulum into motion 
der. The wax and paraffine had yielded at first as| With « gentle touch, the amplitude of its vibration is 
viscous solids till they filled the cylinder, but under | *™all. If I use a greater force, the amplitude of vibra- 
pressure developed a considerable rigidity. tion is increased. But in both cases the frequency of 


It may be interesting here to quote some of Mr, , Vibration is the same. ; , 
Spring’s results as obtained in vacuo.* | Every simple musical tone is due to simple pendulum 


_p | like vibrations of theair or other elastic medium. The | 
Lead—Perfect fusion at 2,000 atm.; at 5,000 atm. it) 
pitch of the tone depends on /requency, its loudness | 


ran, as a liquid, out of all the cracks of the apparatus. 
Bismuth—6,000 atm. perfect fusion. 
Tin—4,000 atm. fusion. 
Zinc—-5,000 atm. perfect fusion. 


|depends on amplitude, of vibration. When a tuning 
| fork is thrown into motion, its elastic limbs oscillate to 
|and fro like a pendulum, and throw the surrounding 

Antimony—5,000 atm. beginning of fusion. air into the invisible waves of sound. The molecules 

Sulphur prismatie—5,000 atm. fusion to the octa- of the air oscillate forward and backward in the same 
hedral form. | period as the fork. When the two limbs fly apart, they 

Sulphar plastic—6,000 atm. fusion to the octahedral | give a blow to the surrounding air that condenses it. 
form. When they swing toward each other, the air is rarefied. 

Sulphur octahedral—3,000 atm. fusion to the octa- | And so the air is thrown into a series of concentric waves 
hedral form, and so on through a long and varied list. | that continually expand, and gradually fade away as 

Conelusion.—At this stage of the investigation it may | they travel to a distance. Each wave consists of a 
be premature to speak of conclusions, but I think there | !#yer of condensed and one of rarefied air. You hear 
are here at least a few straws which suggest in whieh | that the tuning fork gives a musical tone. For the 
direetion we are to look. To me it seems established | Production of a musical tone two things are essential : 1. 
that pressure alone cannot truly liquefy a solid, é. ¢., | The vibrations must be strictly periodic If they are not 
diminish its rigidity. Consequently, we should searcely | 89 the result is not a musical tone, but a noise. 2. The 
expect chemical or mineralogical changes to be pro-| Vibrations must be sufficiently frequent. The fork 
duced by pressure alone. Solids, and very rigid ones | Which I have sounded gives 130%¢ vibrations in a second. 
too, ean be made to flow and act in that respect as | The pitch of the tone is C, in the bass clef. You can- 
viscous liquids by pressure alone, but it overeomes a its individual vibrations. They are too 
their rigidity without diminishing it. apid. : . 

Future investigation may contradict or modify this ut if a fork be made so long that it vibrates less 
conclusion. At present I believe it the only logical one | frequently than sixteen times per second, one hears the 
to be drawn from the facts at our disposal.}—Amer. | Pulses of sound separate and distinct. When the fre- 
Jour. Science. quency Of vibration is raised to sixteen per second, and 

=— — still more clearly when it is raised to thirty or forty 
THE SENSE OF HEARING.t per second, the separate sensation due to each vibra 
tion lasts until the next appears, and so the sensation 

By WILLIAM RUTHERFORD, M.D., F.R.S., Professor | becomes continuous and the individual vibrations are 

of Physiology in the University of Edinburgh. no longer perceived. The pitch of a tone entirely de- 

MR. PRESIDENT, LADIKS, AND GENTLEMEN: I am| Pe®ds on frequency of vibration. A very sensitive ear 
privileged this evening to address you on a subject | C@2 distinguish an immense number of tones, varying 

| from sixteen up to as many as 40,000 vibrations per 


that lies in the borderland between the realm i i h 
physies and that of consciousness, Our sense organs | S®¢O8d. 1n some persons the ear Is so sensitive to fre- 


are the portals whereby the movements of the worl | quency of vibration that in tones of ordinary pitch a 
7 | difference of half a vibration in a second gives rise to a 


around us find an entrance to our minds. We are 80 | ible diff. - i i : Wh 
accustomed to the inflow of impressions through these | 8€™8!Dle difference in the sound sensation. When a 
|tuning fork is properly sounded, its vibrations are 


organs; we are so familiar with light and darkness, | *: “4 
with sunshine and shadow, with the colors and forms | simple, like those of a pendulum, and therefore pro- 
of objects ; we are so accustomed to hear a multitude | duce 4 simple tone. The tone appears of lower pitch 
of sounds, and to readily apprehend the various mean- | tau is really the case, because no harmonics are pre- 
ings attached to them by our minds—that we con If I attach a piece of brass foil to the end of one 
stantly forget that buat for the eye the world would be | °f the limbs of the fork, and place it in contact with a 
in darkness, and but for the ear nature would be| "evolving cylinder covered with smoked paper, its 
silent. | vibrations are recorded and produce a wavy line similar 
That mode of motion which we term light does not to a vertical section of the surface of water in a state 
dispel the darkness until it falls on a living eye. That|f Wave motion. I have made an enlarged copy of one 
other mode of motion which we term sound does not | the vibrations, and you see that it isa smooth curve, 
break the silence of nature until it enters a living ear. | produced equally on both sides of an imaginary line of 
It is difficult to estimate how much we owe to the sense | ©@ilibrium, termed an abscissa. That is, then, the 
of sight for a revelation of the secrets of nature. It is|°UrYe of a simple vibration. | 
still more difficult to form any just conception of what | Compound Sound Vibrations.—Let us now attend 
we owe to the sense of hearing. Far down in the seale|*® Compound sound vibration. I sound two tuning 
of life, in long ages that are past, the first rudiment of forks, the second of which vibrates twice as rapidly as 
oe bene | the first. You hear two tones, and you recognize the 
* W. Spring. Bull, de l’Acad, R. de Belg., II, xlix, 1880. |seeond to be an octave above the first. We havea 
+ Since writing the above I have seen the article of E. H. Amagat | double sensation, evidently due to two sets of simple 
(Comptes Rendus, July, 1887, this journal, September, 1887] giving an | yjbrations differing in frequency. Now, do the two 


account of his successful endeavors to do the opposite of what Mr. Spring | 
did, He actually solidified liquid C,Cl, by pressure alone. sets of simple vibrations enter the ear? No; they are 


+ A lecture delivered before the British Association, at Birmingham, on | COMpounded into one vibration. You see from the 
September 6, 1886. 


drawing that when the two sets of vibrations are 


| placed one upon another, the phases of movement are 


| repeatedly in the opposite direction. But, as it jg im 

| possible for the same molecule of air to wove in oppo, 
| site directions at the same moment, the two Vibration 

must be compounded into one. When the two vibra. 
tions are in the same phase of movement, they are 
added together, and the extent of the motion increased 

On the other hand, when they are in the Opposite 
phase, they interfere with each, so that the resultip 

difference of motion has to be taken. The result jg 4 
| vibration that differs in form from both of its constity. 
jent vibrations. It is still strictly periodic, but no 
longer pendular inform. Within the organ of hearip 

a compound vibration of that form produces an effect 
the same as if its two constituent simple vibrations 
acted independently. 

Now, suppose we take three forks with frequencies 
of vibrations in the relative proportion of 1, 2,3. | 
sound them ail at once, and again you hear a complex 
sound consisting of a fundamental tone with the 
octave above it, and with the fifth note of the seale 
above the second octave. The compound vibration 
differs in form from that of the previous case, and jt 
produces a sensation of three tones, just as if the three 
sets of simple vibrations reached the ear independently 
Suppose we were to take say eight tuning forks, hay. 
ing frequencies of v: vration in the simple arithmetical 
relation of 1, 2, 3, 4, 5, 6, 7,8. If we sounded them all 
at the same time, we should get the highly complex yi- 
bration which I show you, Theorgan of hearing would 
treat that complex vibration as if it consisted of eight 
distinct series of simple vibrations. Eight different 
tones could be distinguished by a practiced ear, and 
indeed by most ears if aided by resonators. Infinitely 
more complex are the vibrations produced by an 
orchestra with a chorus of human voices and solo 
singers associated. 

The mind fails in its effort to grasp the wave form of 
the flood of complex vibrations that pours into the ear 
at every moment. The highest and lowest tones are 
heard. The qualities of the notes produced by the 
strings, the wind instruments, and the voice are all dis- 
cernible. The theory offered by Helmholtz in explana- 
tion of this wonderful property of the sense of hearing 
is that the terminations of the nerves in our ears can 
analyze complex vibrations. As they are supposed to 
do this by what is known as sympathetic vibration, | 
must explain what is meant by that term. 

Sympathetic Vibration.—1. Of a tuning fork: If I 
|throw the air about a tuning fork into vibrations of 
|the same frequency as those which the fork can pro- 
| duce, the fork is thrown into feeble vibration. But it 

does not vibrate if the neighboring tone has a higher 

or lower pitch than its own. 2. Of a string: If you 
lift the dampers from the strings of a piano by press- 
ing down the loud pedal, and sound a note having the 
| piteh of one of the strings, that string is thrown into 
| sympathetic vibration and gives quite an audible note. 
| If you produce a complex vibration with a number of 
| tones having exactly the same pitch as some of the 
| piano strings, they would analyze the compound vibra- 
| tion, and treat it as if it consisted of a distinct series of 
simple pendular vibrations, so that we should hear the 
piano strings giving forth notes of the same pitch as 
those which produced the compound vibration. A 
piano is better adapted than any other stringed instru- 
|ment for doing this experiment, becapse of its large 
sounding box, which readily takes up the vibrations 
and communicates them to the strings. It is main- 
tained by Helmholtz and others that in the ear every 
audible tone throws into sympathetic vibration one or 
more of the nerve terminations, and that all complex 
tones are analyzed by them into simple pendular vibra- 
tions, which affect different nerve terminations accord- 
ing to their frequency of vibration. I shall presently 
show you reasons for doubting that theory. 


THE ORGAN OF HEARING. 


There is a general scheme applicable to all animals. 

1. There is a peripheral mechanism to receive the 
sound vibrations and transform them into nerve im- 
pulses. In all animals that can hear, this peripheral 
apparatus consists of a modification of the epidermic 
calls that cover the integument. Each cell is a nucle- 
ated mass of protoplasm that has undergone some 
profound change whereby it has acquired the power of 
transforming sound vibrations into nerve impulses. 
The inner end of each of these auditory cells is con- 
nected with a nerve fiber, and from its outer free end 
there project one or more short, stiff, hairlike processes, 
termed ‘‘ auditory hairs.” The hairs project into a 
watery fluid in the innermost part of the ear. The 
sound wave penetrates the fluid and causes the hairs to 
tremble. The sound vibrations caught up by the hairs 
pass into the auditory cells, and there, by some un- 
known mechanism, are transformed into nerve it- 
pulses. 

2. The second part of the mechanism consists of 
nerve fibers that conduct the nerve impulses to the 
brain of a vertebrate or to the cephalic ganglia of an 
| invertebrate animal. 

3. The third part consists of sensory nerve cells in 
the brain, which are thrown into action by the arrival 
of impulses along the auditory nerve, and give rise to 
that state of consciousness termed sensation, The 
position of the center for sound sensation is definitely 
known in the ape’s brain. Destruction of it on both 
sides of the brain produces total deafness. These three 
parts constitute the sensory mechanism for sou 
sensation. 

4. But we must add to this sensory mechanism other 
nerve cells in the brain concerned in perception—a@ 
intellectual act far higher than mere sensation, where 
by the consciousness examines the various sensations 
of sound, and attaches to them various significations, 
with which they are afterward associated. The center 
for perception is probably placed in the front part of 
the brain. 


FURTHER DETAILS REGARDING THE PERIPHERAL 
MECHANISM. 

I must now state some further details regarding the 
peripheral mechanism of the organ of hearing. 

The Invertebrate Ear.—A hearing apparatus is found 
in the Meduse and in all animals above them. Stat 
briefly, its most general condition is that of a minute 
sac with a membranous wall. The sac is full of fluid, 
and lined by a layer of eetodermic cells, some of them 
modified into hair cells. The auditory hairs may pr 
ject free into the fluid, but that is rare. Most coll 
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roject into a calcareous mass, termed an 
The otolith consists of about 75 


ly they p 
or earstone. 
cent. of lime salts in the form of grains or crystals, 
pid together by a small amount of mucous jelly. The 
effect of the otolith is not well understood. It has 
peen thought that the hard calcareous particles may 
rattle against the hairs, like the shingle on the sea 
beach when the wave breaks over it. If that be so, we 
may reasonably suppose that the periodic vibrations of 
a musical tone must be changed into indefinite vibra- 
tions, and produce nothing but noise. It may be, how- 
ever, that there is no rattling of the particles, and that 
the otolith and hairs move to and fro as one mass 
when the sound wave reaches them. If that be so, 
the mechanism is probably not advantageous for the 
hearing of faint sounds, because it is difficult to throw 
a heavy mass into movement. Otolith sacs are found 
in the ear of every vertebrate, but when in the verte- 
prate series the ear becomes an organ for the delicate 
appreciation of musical sounds there is a great develop- 
ment of hair cells without any otolith in connection 
with them. 

The Vertebrate Har.—Let us turn to the structure of 
the ear in the vertebrate series of animals. In the 
lowest group of fishes the otolith sac has in connection 
with it a membranous semicireular canal, with a swell- 
ing at each end of it containing hair cells with nerves 

ing to them. In the higher fishes, and in all other 
vertebrates, three semicircular canals are developed in 
each ear. Each canal has a swelling at one end of it 
containing hair cells without any otolith. These canals 
are nearly always placed in the planes of a cube—that 
is to say, in the three dimensions of space—and are now 
supposed to be peripheral organs, not of the sense of 
shearing, but of a sense that renders us acquainted with 
the movements of the head, and so helps us to maintain 
the equilibrium of the body. The otolith sac becomes 
divided into two: one termed the utricle, connected 
with the semicircular canals; the other termed the 
saccule, frony which a single membranous canal, the 
cochlear canal, becomes developed in reptiles, birds, 
and most of allin mammals. In reptiles and birds it is 
short and nearly straight. In mammals it is much 
longer, and coiled up like a snail’s shell. Hence the 
term “cochlea.” The cochlear canal contains an im- 
mense number of hair cells, with a multitude of nerve 
fibers passing to them. The membranous sacs and 
canals that I have mentioned constitute the membran- 
ons labyrinth, and are found in the innermost part of 
theear. They are all filled by a watery fluid, and 
nearly surrounded by another watery fluid inclosed in 
the bony labyrinth. The sound waves are conveyed 
to the outer fluid of the labyrinth. They then pass 
through the membranous walls of the otolith sacs and 
the cochlear canal, into the fluid within them, from 
which they are caught up by the hair cells. 

Much as I should like to indicate to you the structure 
and action of the beautiful mechanism by which sound 
is conducted to the labyrinth, the shortness of the time 
at my disposal compels me to limit your attention to 
the cochlear canal which contains the hair cells that 
enable us to apprectate musical sounds. It is a canal 
of somewhat triangular shape when cut across. Two 
sides of the triangle are bounded by thin membranes 
that are traversed by the sound waves. The chief of 
these two inembranes is termed the basilar membrane. 
It is composed of fibers of connective tissue,that stretch 
across the general cavity of the cochlea, and are con- 
tinuous at both ends with the periosteum that lines it. 
The membrane somewhat resembles a slender suspen- 
sion bridge stretching across a ravine. 

This cochlear suspension bridge, if I may so term it, 
extends through the whole length of the cochlea 
in mammals, but in birds it is wanting at the upper 
or closed end of the tube. It is covered on both sur- 
faces by epithelial cells. Very many of those on the 
upper surface are hair cells, with ordinary or somewhat 
moditied epithelial cells placed between them to sup- 

rt them in their places. There is an immense nuin- 

r of these hair cells. In the cochlea of the cat four 
rows of them run the whole length of the cochlear canal. 
In the human subject there are five or six rows of 
them, and the total number of the cells is estimated at 
about 15,000. These hair cells of the cochlea seem 
placed in a position of advantage, inasmuch as they 
are supported on a membrane that can vibrate with 
the sound wave. It is otherwise with the hair cells of 
the otolith sacs. They are planted on a membrane 
that is fixed in the periosteum lining the bony wall of 
the labyrinth. Immediately over the free ends of the 
hair cells there is a thin covering membrane, the use of 
which it is difficult to comprehend. During life it is 

robably soft, but when the soft parts of the cochlea 

ve been hardened to permit of thin slices being 
made for microscopical observation, the membrane has 
a laminated appearance, with a distinct hem at its 
lower surface. 
_ In other respects it is homogeneous. One margin of 
itis always firmly attached to the periosteum at the 
inner angle of the cochlearcanal. The other margin is 
usually free and turned up likeascroll. Bat it may 
be that, in a cochlea which has not been injured by 
slicing it with a knife, the outer margin dips down, 
and is attached te the supporting cells outside the hair 
cells. It is also difficult to say what may be the rela- 
tion of this covering membrane to the hairs of the 
auditory cells. It is not definitely known whether the 
ends of the hairs are free, or touch the covering mem- 
brane, or project into it. I have never seen them pro- 
Jecting into it, nor have I seen any hairs torn off and 
adhering to the membrane. It must be admitted that 
the function of the covering membrane is quite ob- 
Scure, and must remain so until we know its precise 
Position with reference to the hairs. It has been sug- 
gested that its function is to damp the vibrations of 
the hairs, and so prevent their vibrating too long. 
But it may be supposed that structures so excessively 
short as these aie need no damping apparatus. 
However that may be, the sound wave comes into 
the cochlear canal on the side of this covering mem- 
prane, and travels through it to reach the auditory 

rs, 


THE ACTION OF THE COCHLEA. 


I have now, in the last place, to criticise the present 
accepted theory of the action of the cochlea in the re- 
ception of sound, to point out its shortcomings, and to 
ofer for your consideration a new theory. Helmholtz, 
his great work on the ‘Sensations of Tone,” sup- 
Ports the theory that the nerve terminations in the 


cochlea are affected by sound, on the principle of 
sympathetic vibration ; that is to say, there is a finely 
graduated series of nerve terminations that individu- 
ally respond to tones of a pitch varying from sixteen to 
many thousands of vibrations in a second. That 
theory is based on the analogy of the sympathetic vi- 
bration of tuning forks and strings. No doubt it has 
been shown by Professor Hensen, of Kiel, that the free 
auditory hairs of some crastaceans vary in length, = 
that when he sounded different netes with a horn som 
hairs vibrated more than others to particular notes. 
He admits, however, that when he sounded any note 
very loudly, all the hairs vibrated. But when we turn 
to the cochlear hair cells, especially those of mammals, 
we find that the hairs are re jparwen of the same length 
and all exceedingly short. It would take from 120 to 
220 of them placed end to end to make the breadth of 
one millimeter. 

The shaft of an ordinary pin is just about the breadth 
of a millimeter. The hairs are therefore exceedingly 
short, and their variation in length so trivial that no 
one has ever suggested that the different hairs can be 
expected to ake a selective response to sounds of dif- 
ferent pitch. But in all animals auditory hairs are the 
recipients of sound vibrations. In the organ of taste, 
also, delicate hairs at the free ends of epithelial cells 
are the parts impressed by molecular motion. Why, 
then, is the theory still maintained, although the con- 
dition of the anditory hairs gives no countenance to 
it? Hensen has endeavored to show that, as the fibers 
of the basilar membrane slightly increase in length 
from the base to the apex of the cochlea, they answer 
the conditions required for the sympathetic responses 
to tones of different pitch. But the fibers are at most 
very short, and their variation in length very slight. 
They vary from one-fifth to rather more than a third 
of a millimeter—that is to say, it would take from 
three to five of them put end to end to make the 
breadth of a common pin ; and yet within the limits of 
dimensions so minute we are expected to find a series 
of vibrating bodies that with unfailing precision select 
particular vibrations, varying from 16 to 40,C00 in a 
second. But the fibers of the basilar membrane are 
regarded by no one as the terminations of nerves, and 
although an attempt has been made to show how the 
vibrations of certain fibers may be communicated to 
certain hair cells, the explanation is so far fetched that 
I need not trouble you with it. I am convinced that 
this theory of soumd analysis in the cochlea, or in any 
other part of the peripheral mechanism of the ear, 
must be abandoned. But even supposing the theory a 
feasible one, see what would be the result of its accept- 
ance. 

Imagine a great number of sensory nerve cells, all in 
a row, for the sake of simplicity, with a nerve fiber go- 
ing from each one of them to a hair cell in the cochlea. 
A tone of say 100 vibrations per second arrives at the 
hair cells and stimulates its particular cell. Its nerve 
is then stimulated. A particular sensory cell is in turn 
excited, and we hear a tone of a low pitch. On this 
theory, the pitch of the tone we hear is not due to 100 
impulses a second coming along the nerve to the 
sensory cell. Not at all. That is no part of the theory. 
It is the excitement of a particular nerve cell or group 
of cells that is supposed to give the sensation of this 
particular tone. Suppose a tone of 101 vibrations per 
second entering the ear: we have the sensation of a 
tone of higher pitch than the other. On this theory, 
the sensation of this higher tone is supposed to be due 
to the stimulation of another sensory nerve cell. So 
that for every different sensation of pitch, even 
although the exciting cause differ only by one or even 
half a vibration, there must be a different sensory cell 
in the brain to give it. 

Let us see how the theory of concord and discord 
fares on this theory. I sound two organ pipes tuned 
to = the same note. You hearan even flow of sound. 
I throw them out of tune by causing the one to vibrate 
a little more rapidly than the other. The even flow of 
sound is lost, and you hear a harsh discord due to 
alternate risings and fallings in the loudnessof the 
sound—commonly termed beats. The beats result 
from the action of the two sets of sound waves upon 
each other. Suppose we have two sets of waves started 
at the same moment, one having the frequency of 100 
the other of 101 per second. The crests, so to speak, of 
the two sets of waves will coincide only once in a se- 
cond, and give a flash of sound. At all other periods 
in the second the two sets of waves interfere with each 
other and diminish the sound. Therefore, once every 
second the loudness of the sound would rise from a 
minimum to a maximum, fall again to a minimum, 
and so produce one beat per second. The absence of 
beats is essential for the concord of sound, If I sound 
three forks whose vibrations are in the proportion of 
4, 5, 6, we get the common chord of do, mi, sol in the 
major mode. We recognize these three tones individ- 
ually; yet they blend, and the compound vibration 
fiows smoothly on without beats, and is therefore har- 
monious and agreeable. It is admitted that this 
agreeable sensation of harmony is entirely due to the 
relative nuwbers of the vibrations. Its cause is strict- 
ly physical and mathematically precise. 

But see what is supposed to happen in the organ of 
hearing on the theory I ain criticising. The complex, 
vibration is supposed to be analyzed in the ear, and the | 
vibrations of do, mi, sol are caught up by at least 
three different fibers of the basilar membrane and 
transferred to at least three different hair cells. The 
nerve impulses are sent along at least three nerve fibers 
to the brain, and at least three sensory cells are excited 
there, and so give the three sensations of {do, mi, sol. 
But the three sensations are blended into the com- 
pound sensation of a harmony. How and where can 
they blend? No doubt the sensory cells send their 
impulses to the common center for perception, and we 
ean imagine the blending taking place there. But if 
the motions in the three sensory nerve cells are eventual- 
ly to be blended it seems unnecessarg that the already 
blended sound vibrations should have been analyzed 
in the cochlea. Andif the sensation of a harmony so 
clearly depends on the relative number of vibrations, 
it seems necessary to suppose that in the three sets of 
nerve fibers there are vibrations of nerve molecules at 
frequencies in the proportion of 4, 5, 6, and that these 
pass to the sensorium, and are eventually blended into 
a harmonious sensation. If this be not so, then we 


have really received no explanation of the physiological 
causes of harmony and discord. 
This theory of sound sensation, then, is so full of 


difficulty when applied to the peripheral mechanism in 
the ear, and so unsatisfactory when we pursue it into 
the brain, and it seems so hopeless to adapt it to the 
facts, that I think it must be abandoned. But before 
I propose another theory, I would pay a humble but 
sincere tribute to the geniusof Helmholtz. His mag- 
nificent services to science have long since placed his 
name among those of the immortals. His theory of 
sound sensation may be faulty, but that can never 
tarnish the splendor of his many wonderful contribu- 
tions to the progress of scientific knowledge. 


A NEW THEORY OF THE SENSE OF HEARING. 


Some five years ago it struck me that the case of the 
telephone may throw light on these difficulties re- 
ing the sense of hearing. In the telephone there 

isa thin plate of iron placed near the end of a perma- 
nent stee yo A bobbin of thin copper wire is 
coiled round the end of the magnet nearest the plate, 
and is connected with a bobbin of wire around the 
magnet of a second telephone in every respect similar 
to the first. When sound waves fall on the plate 
of the transmitting telephone, it vibrates. The vibra- 
tions of the iron nearthe magnet affect the magnetism, 
and so induce in the wire currents of electricity whose 
frequency and amplitude correspond to those of the 
vibrations of the iron plate induced by the sound. 
The currents travel to the receiving telephone and in- 
duce oscillations of its magnetism, which in turn cause 
its iron plate to vibrate and produce sounds similar to 
those communicated to the first telephone. There is 
no analysis of the sound waves. The transmitting 
telephone takes up simple or complex vibrations. 
The harmonies of an orchestra may fall upon it, and it 
does not fail to convert the conan sound vibrations 
into electrical vibrations, and these again into the com- 
lex sound of the orchestra in the receiving telephone. 
t is, indeed, one of the most wonderful inventions of 
recent times. Can it throw light on the sense of hear- 


ing? 

The theory which I have to propose may be termed 
the telephone theory of the sense of hearing. The 
theory is that the cochlea does not act on the principle 
of sympathetic vibration, but that the hairs of all its 
auditory cells vibrate to every tone, just asthe drum 
of the ear does; that there is no analysis of complex 
vibrations in the cochlea or elsewhere in the peripheral 
mechanism of the ear; that the hair cells transform 
sound vibrations into nerve vibrations similar in 
frequency and amplitude to the sound vibrations ; 
that simple and complex vibrations of nerve molect!es 
arrive in the sensory cells of the brain, and there pro- 
duce, not sound again, of course, but the sensations of 
sound, the nature of which depends not upon the 
stimulation of different sensory cells, but on the fre- 
quener, amplitude, and form of the vibrations coming 
into the cells, probably through all the fibers of the 
auditory nerve. On such a theory the physical cause 
of harmony and discord is carried into the brain, and 
the mathematical principles of acoustics find an 
entrance into the obseure region of consciousness. 
Now if nerve energy were only electricity, that theory 
would probably be accepted at once. But nerve mo- 
tion is very sluggish when compared with electricity. 

I have kept this theory back for five years, because 
I felt I had no evidence of the possibility of sending a 
rapid succession of vibrations along a nerve. It cost 
me a good deal of thought and experimental observa- 
tion to find the evidence I required. If we give toa 
motor nerve of a frog or rabbit ten instantaneous 
shocks of induced electricity in a second, ten impulses 
will pass along the nerve to the muscle, and produce 
ten distinct contractions in the same period. If we 
send forty impulses along the nerve, we get, not forty 
contractions of the muscle, but a single continuous 
contraction, because the several contractions are fused 
together. Now, if we listen to the muscle so’ stimu- 
lated, we hear a musical note having the pitch of forty 
vibrations per second. Each sound vibration results 
from the sudden shock of chemical discharge due to 
the arrival of each nerve impulse in the muscular sub- 
stance. If we stimulate the nerve, say, 200 times per 
second, by causing a tuning fork to make and break 
the primary circuit of an induction machine, and so 
send 200 shocks per second into the nerve, the pitch of 
the note in the muscle exactly corresponds. It has the 
same pitch as the fork. I experimented in this way, 
and eventually found that I could send as many as 352 
impulses per second along the ‘nerve of a rabbit and 
get a note from the muscle of the pitch of 352 vibra- 
tions per second—that is, a note of the pitch of F in 
the lowest space of the treble clef. But when I tried 
by more rapid stimulation of the nerve to get a higher 
note from the muscle, I failed. There was nothing but 
a noise heard. That alow rumbling sound is produced 
by a contracting muscle is known to every physiologist. 
You can hear it if you firmly clench the jaws during 
the stillness of night, when other sounds are hushed. 
It is a sound of very low pitch, due to vibrations cer- 
tainly below 40, perhaps not more than 10 or 12 per 
second. There is, therefore, nothing new in my state- 
ment that a note may be heardin a muscle. The new 
point is that the pitch of the note may be increased by 
a@ more rapid stimulation of the nerve, and that as 
many as 352 impulses may be sent along a nerve and 
retain their individuality so sharply that they can pro- 
duce a note in a muscle havjng a pitch number of 352. 
That fact will give support to a vibrational theory of 
nerve 

Now, am I toconclude that, because I failed to get a 
higher note than one of 352 vibrations from the muscle, 
it is not possible to send more than 352 vibrations per 
second along a nerve? By no means. The fibers of a 
muscle are very different from those of a nerve, and 
also very different from nerve cells. The molecules 
in both of them can probably vibrate far more rapidly 
than 352 times per second. 

I have therefore directly proved that vibrations of 
the same frequency as all the lower tones of the seale, 
from the Jower F of the treble clef downward, can be 
transmitted by a nerve. A short time ago it oceurred 
to me that the note produced by the wing of an insect 
furnishes a simpler proof of the possibility of transmit- 
ting a rapid series of impulses along a nerve. The 
wing of the humble bee produces the note F in the 
lowest space of the treble clef. It gives, therefore, 352 
complete vibrations in a second. Every downward 
motion of the wing doubtless results from an impulse 
sent along the nerve to the muscles that lowers the 
wing. Therefore we may conclude that about 352 im- 
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puiese per second traverse the motor nerves of the substantial evidence 
1umble bee's wing during flight, sensation, 
the note of the wing is Ain in favor of it will increase. 
two notes higher than in the } pose that on my th 
impulses appear to pass along pear. Far frotn it. 


second. In a human motor nerve which seem insurmountabie on 


initted by it during v not more than | holtz are diminished 
10 or 12 per second (Schaefer), therefore some | mitted. Should my 
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fame. In carrying the railway through the canon of 

‘. river, the Canadian Pacific engineers had an 
rduous task to perform. ‘The pictures here depicted 
vill give some idea of it. For wiles the line is cut out 
of the face of steep blaffs, which hang almost perpendi- 
giarly over the bed of the river far below, and the 
: vines Which part the huge mountain masses on the 
right bank of the river are traversed by those high 
trestle bridges to which the traveler in the States has 

to accustom himself. 

The Fraser is a rapid river, and at its rapidest in the 
canon Where, between Lytton and Yale, for fifty-seven 
miles of its course, it 1s closely pent in by the hills. 
But its waters are muddy and uninviting—at least, for 
thelatter part of its course. This fact is especially 
marked at the town of Lytton, where the clear blue 
waters of the Thompson River (itself no inconsiderable 
stream) join the Fraser, to swirl in company through 
the canon toward New Westminster and the Pacific. 
With the melting of the snows, which lie on the country 
jn its upper basin until full June, the volume of the 
river is prodigiously increased, and the pressure in the 
canon is stupendous. In one part its level rises no 
fewer than ove hundred and fifteen feet above its nor- 
mal height. Under such circumstances, the native 
Indian or adventurous white who trusts himself to the 
stream has to rely upon nerve rather than muscle, and 
there is no litt!e excitement in guiding the canoe down 
stream ina Fraser spate. With the opening of the 
Canadian Pacific railway, however, there is less need 
for this hazardous mode of locomotion. On the other 
hand, the railwaytaffords some sensational thrills that 
way compensate in a measure for the excitement of a 
struggle with the currents. 

Below Yale, where the canon ends, the country flat- 
tens, and is well farmed. 

Our illustrations are from photographs sent by the 
Rev. H. Edwardes, and taken by Macmunn, of Victoria, 
Vancouver.—London Graphic. 


PHYSICS WITHOUT APPARATUS. 


HERE is a method of making a siphon with a simple 
prawn or shrimp. It is necessary to take a goblet, fill 
it with water, and hang the prawn on the rim by its 
tail. The latter should enter the liquid as deeply as 
possible, and the extremities of the antenne should be 
clipped off so that they shall not touch the dish in 
which the goblet sits. The prawn will scarcely have 
been placed in position when small drops of water will 
be observed forming at the tips of the antenna, and 


Fie. 1.—THE PRAWN SIPHON. 
then gradually becoming a thin stream, which will 
continue to flow as long as the tail of the animal is im- 
mersed. 

The following experiment on inertia has been com- 
municated to us by one of our readers. It consists in 
cutting an apple inclosed in a handkerchief without 
cutting the latter. The apple is inclosed in a handker- 
chief suspended by a string, as shown in Fig. 2. The 
cutting instrument to be used is a saber or strong 
knife, the section of which is shown in the upper 
corner of the engraving. The smoother the blade and 


better it cuts, the more successful the experiment. 


Fie, 3.—EXPERIMENT ON 


INERTIA. 


The blow must be given without sawing, and perpen- 
dicularly to the point of suspension. If the blade be 
somewhat thick, the apple will be foreed upward and 
the handkerchief will enter it along with the blade. 
Principle of Inertia —Place some checkers in a pile, 


and then, with the thuinb and forefinger, roll another | 


checker against the pile, and it will strike the latter in 


A cork should be carved with a knife asshownin Fig 
5. Into one of the projections, A, is stuck a sewing 
needle, A B, the head of which rests upon the other 
projection, B. Through the eye of the needle is passe: 
a second needle, which should be of such a size that 


one of two ways: (1) At the point of contact of two/| horizon 


Fie. 2.—EXPERIMENT ON INERTIA. 


checkers, in which case two checkers will be knocked 
out of the pile, or (2) at the point of contact of a single 
checker, asin Fig. 3, where the black one only will es- 
cape without the pile’s falling. 

Magdebourg Spheres.—Take two tumblers of the 
same size, and see that they fit together perfectly, 
mouth to mouth. Light a candle end in one of them, 
then cover the mouth with a somewhat thick piece of 
paper saturated with water. Next invert the second 
glass over the other, as shown in Fig. 4. The adhesion 
bet ween the two glasses separated by the paper should 


Fie. 5.—EXPERI 
EXPANSION 


In order that 
such distance may be maintained without regulation, 
the surface, B, may be cut so as to slope outwardly. 


quarter millimeter from the surface. 


The needle will then rest on the edge. Parallel with 
the upright needle, and behind it, another one of the 
same length is stuck into the cork. 

If the lower part of the flame of a candle be brought 
into contact with the horizontal needle, the needle, 
B C, will be seen to bend forward, and form an angle 
of several degrees with the tixed needle, B D. The 


Fie. 6.—EXPERIMENT ON CENTER OF GRAVITY. 


be perfect. The candle goes out, but in burning it has 
dilated the air in the bottom glass and has thus rare- 
fied it, and the pressure of the external air holds the 
two glasses together as in the classic experiment of the 
Magdebourg spheres. On lifting the upper glass, the 
lower one rises with it. 

Prof. Simiand, of Grenoble, sends us the following 
description of an extremely simple and easily construct- 
ed device for demonstrating linear expansion under the 
action of heat: 

With three needles and a bottle cork we may demon- 
strate linear expansion in just as conclusive a mapner 
as with the dial pyrometer of physical cabinets, 


Fie, 4—EXPERIMENT ON ATMOSPHERIC PRESSURE, 


cork is held between the fingers by one of the extrem- 
ities and the eye is placed on a line with the two nee- 
dles. When the needle is allowed to cool, it resumes 
its former position. This little device is very sensitive. 
The two contrary phenomena of expansion and con- 
traction may be observed with it in a few moments, 
Mr. A. Gilly, of Nimes, sends us a photograph, 
which we reproduce in Fig. 6, and which represents an 
experiment upon the center of gravity. The prongs of 
two forks are held in juxtaposition, as shown, by the in- 
sertion of a coin between the two middle prongs. The 
coin is then laid flat upon the edge of a goblet and is 
pushed along until the two circumferences (of the gob- 
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ee its point shall project from two to three millimeters. 
his is inserted into the cork to such a depth that the : 
‘ tal needle shall be nomore than about one- 
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. 
let and coin) are externally tangent. In this position, MARINE FISH. 
after a few tentatives, the affair can be left to itself 
and will be in equilibriam. The experiment may be Temp. ° Fah. On September 22 a steamer of a somewhat y 
peeteuned with a glass full of water, which latter ma Species Senta a construction was launched at Elsinore. Denmark, 
e poured into another glass without the coin in oanl- l vessel is built tothe order of the Royal Greeg 
needle and place it upon a fork, or A SOF w 
upon a hook formed at the extremity of anenen wire, | Gurnard........ 62 | 49 Highly sensitive. oak predominating, all the timber being of un 
and then slowly let the support down into a glass filled Wrasse.......... od | 50 Highly sensitive. heavy dimensions, and iscovered with an extra cog 
with If you act with precaution, and in such a| Dosfish...... 45 exist when oa teak, — an layer of felt, 
way that the needle shall be gently deposited upon the ‘ , OFrwai e vessel has an additional protection ofj 
surface of the liquid, you will succeed in making it} Mullet...... ... 70 85 | Very ene strips, placed close to one another. She is rigged oe 
This phenomenon is due to the fact that the steel is); OUUNead.... --- | thrives a , wer. he propeller is so constructed that it cay 
not wet by the liquid, but there forms along its surface | Skate. .. ....... 70 45 | * Rroisted up through a well when the vessel is an 
a meniscus whose volume is quite large as compared | yO iets 62 | 51 oo: best at 56°. sail, and again lowered when steam power is required 
with that of the floating body. The volume of the ‘lounder... reeves] 70 asa motor. The vessel’s length between the pe 
liquid displaced, either by the body or through the | lla le 70 ‘ diculars is about 183 ft., its greatest outside b 
effect of capillarity, has the same weight as the float-| PTC@M.---.------ | 6 45 |Thrives best at 58°. 264¢ ft. The vessel carries a 22 ft. clink built boat of 
ing object, whence it results that the latter does not | Bass... 1006.00 +e. | 70 | 3 - oak, a 28 ft. whaling boat, a 15 ft. boat, and a steel boat 
sink. In order to further the success of the experi- Cod Oo ai +sss+ | 70 | 35 |Thrives best at 55°. 24 ft. long, which can be separated into several pieges 
ment, it is well to slightly oil the needle by simply Crayfish..........| 00 45 exiet in ex- Hoidlijarnen— 
passing it through the fingers. . | the ite Bear—is built by the Elsinore Wood Shi 
The accompanying figure shows another mode of | Blennie..........| 58, 8 | | building Company, at a cost of about $65,000. Boiler 
theexperiment. A piece of cigarette paper | and engines, etc., are supplied by the Elsinore Iron 
s laid upon the surface of water contained in a glass, FRESH WATER FISH Ship Building and Engineering Company, and the rig: ¢ 
and a needle is carefully placed upon it. The paper, ee 5 nae tees aad ging will be completed at Copenhagen. 
upon becoming saturated with water, speedily sinks to _—— 
the bottom and leaves the needle floating upon the sur-| Trout............ 71 34 Tr =x : 
face. In this way, we have succeeded in floating a piece | — ocdvcaeen ae 48 on 5B 
of copper wire 0°04 inch in diameter, and even a five| Dace.... ....... 60 44 |Occasionally at 82°, i ifi i 
Tench 68 | 48 Scientific American Supplement. 
Tench (golden)...| 68 45 
eee 60 50 PUBLISHED WEEKLY. 
Catfish... ....... 70 483 |Occasionally at 38°. 
70 | 35 Terms of Subscription, $5 a year. 
ont 55 Sent by mail, postage prepaid, to subscribers in any 
Os aac emanate 7 | 36 part of the United States or Canada. Six dollars a 
| Minnow......... | 55 46 year, sent, prepaid, to any foreign country. 
fo eee | 50 40 All the back numbers of THE SUPPLEMENT, from the 


Fria. 7.—EXPERIMENT ON CAPILLARITY. 


The experiment may likewise be performed with a 
steel pen, which, if it has been previously magnetized, 
will constitute a genuine compass needle.—La Nature. 


| carp are extremely hardy, and can exist in both a high 
and low temperature, ranging from 34° to 71°. On the| 
other hand, the gurnard, wrasse, bullhead, sole, bream, | 


It will thus be seen that the dogfish, mullet, conger, 
skate, flounder, bass, cod, trout, catfish, pike, and 


crayfish, blennie, perch, dace, tench, minnow, chub, 
roach, and gudgeon show themselves sensitive to ex- 
tremes of temperature.— Nature. 
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ELECTRO PLATING WITH ALUMINUM. 


In the Jewellers’ Journal the following recipe for 
electro plating with aluminum is given by Herman 
Reinbold : 

“ Fifty parts of alum, AlK(SO,). + 12H,0, are dis- 
solved in 300 parts of water, and to this 10 parts of 
chloride of alumina (Al.Cl.) are added, heated to 200° 
and cooled, whereupon 39 parts of cyanide of potassium 
are added. .The object to be plated has to be cleaned, 
and to be absolutely free from grease in any form, 
whereupon it is suspended in the bath over the electro 
positive electrode, the plate of metallic aluminum to be 
suspended on the negative pole. The electric current 
ought to be weak. The plating when polished will be 
found to be equal to the best silver plating, having the 
advantage of not being oxidized or getting black when 
brought into contact with sulphurous vapors, which 
would make it especially valuable for plating spoons 
and tableware.” 


TEMPERATURE IN RELATION TO FISH. 


THE influence of temperature exerts itself to such a 
marked degree upon the habits, food, reproduction, | 
and migration of fish, that observations upon the sub- | 
ject are essential in determining the relations of cer- | 
tain forms of their surroundings. The National Fish | 
Culture Association have for some time past made in- 
vestigations into the temperature of the ocean, not 
only at the surface, but also at the bottom, and the} 
council will shortly publish the results. In order to 
ascertain its effect upon fish maintained under artificial 
conditions, Mr. W. August Carter, of that body, has} 
compiled the following statistics, showing the influence 
of temperature upon fish at the late South Kensing- 
ton Aquarium, where the average depth of the tanks 
was 41¢ feet. The statistics are derived from observa- 
tions made daily during a period of three years, by 
noting the temperature of the water in the tanks and 
the death rate prevalent at certain seasons of the 
year. By observing the degrees of temperature at 
which certain fish succumbed from time to time, Mr. 
Carter has drawn an average, showing the tempera- 
ture adapted to various fish, and their capacity, in 
some instances, for withstanding extremes of heat and 
cold. 

It must be borne in mind that the temperatures re- 
corded are applicable only to fish in confinement, and 
living, therefore, under unnatural conditions. The 
temperature registered on the death of the fish named 
exceeded the highest and lowest degrees given below, 
which are, as already stated, intended to indicate the 
temperature of water in which they can be maintained 
in aquaria, 
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